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The efficient management of the resources pool required in the successful completion of 
small projects within the petro-chemical industry is critical for organisation within the 
particular industry. The skills required to manage this efficiency specifically in projects has 
been viewed as a skill that does not necessarily require one to have a specific qualification 
in project management. The scope of the research project was to define a hypothesis, 
review relevant literature on previous research and review the hypothesis based on 
historical data and feedback from the industry received via questionnaires and 
observations. The key objective of the research project was the development of a model 
that would provide details of the level of effort for the critical resource types at different 
phases of the project life cycle. The quantitative research methodology focused firstly on 
the review and utilisation of academic literature conducted previously on this topic, 
secondly on the evaluation of feedback from questionnaires distributed to project managers 
and engineers within and external to Sasol and lastly on participant observations based on 
previous projects where the researcher had been part of the project team. The initial 
hypothesis that was adopted prior to commencement of the research process entailed 
graphical level of effort models for the project management, technical, sponsor and 
business resources required to successfully move through the different project phases. The 
hypothesis was analysed against the research results and updated accordingly to provide 
the proposed level of effort model. The model was then presented and explained in detail 
in the dissertation to ensure a clear understanding and alignment in terms of the complexity 
of the project, type of the project, total budget of the project and the planned duration of 
the project in months. The dissertation has therefore contributed to industry and academia a 
level of effort model that can assist project managers and engineers to define the phase 
deliverables and the level of effort required per resources for a particular phase of the four 
phased project life cycle model. The model presented is dynamic in that it clearly indicates 
the maximum percentage of effort required per resource; the model, however, does not 
provide a ramp up or ramp down rate within a particular phase. The details of the ramp up 
or ramp down rate among other ideas are provided in the dissertation as potential 









Table of Contents vi 
List of Figures ix 
List of Tables xi 
List of Abbreviations xii 
CHAPTER ONE 1 
Introduction 1 
1.1 Introduction 1 
1.2 Background 1 
1.3 Problem Statement 2 
1.4 Aim of the Study 5 
1.5 Research Objectives 6 
1.6 Research Questions 6 
1.7 Significance of the Study 6 
1.8 Limitations of the Study 7 
1.9 Format of the Study 7 
1.10 Conclusion 9 
CHAPTER TWO 10 
Literature Review 10 
2.1 Introduction 10 
2.2 Project Definition 11 
2.3 Project Typology 12 
2.4 Definition of Complexity in Projects 15 
2.5 Project Management 17 
2.6 Project Life Cycle Models 19 
2.6.1 Business Development and Implementation Model 20 
2.6.2 Joint Venture Model 21 
2.6.3 Research and Development Model 21 
2.7 Project Phase Deliverables 24 
2.8 Project Phase Resources 28 
2.9 Level of Effort 32 
2.10 Project Success Factors 33 
vii 
 
2.11 Alternative Literature 34 
2.11.1 Project Phases 34 
2.11.2 Project Resources 36 
2.11.3 Critique of the Literature 36 
2.12 Conclusion 38 
CHAPTER THREE 41 
Research Methodology 41 
3.1 Introduction 41 
3.2 Research Design 41 
3.3 Research Questions 42 
3.4 Hypothesis 43 
3.5 Research Methodology 46 
3.5.1 Quantitative Method 48 
3.5.2 Historical Research 49 
3.5.3 Case Study 49 
3.5.4 Research Questionnaires 49 
3.5.5 Participant Observation 51 
3.6 Research Site 53 
3.7 Description of Participant Group 54 
3.8 Methods of Data Collection 56 
3.8.1 Structured Data 56 
3.8.2 Unstructured Data 56 
3.9 Data Analysis 57 
3.10 Assumption and Risks 58 
3.11 Ethical Considerations 58 
3.12 Review of Another Engineering Model 59 
3.13 Research Limitations 59 
3.14 Conclusion 60 
CHAPTER FOUR 62 
Results and Discussion 62 
4.1 Introduction 62 
4.1.1 Objectives One and Two 62 
4.2 Research Results in Terms of the Objectives 75 
4.2.1 Objective Three 75 
4.3 Data Analysis 76 
4.3.1 Participant Observation 76 
4.3.2 Research Questionnaires 78 
viii 
 
4.3.3 Interpretations of Questionnaire Results 79 
4.4 Another Engineering Model 92 
4.5 Proposed Level of Effort Model 95 
4.5.1 Level of Effort Model: Concept Phase 95 
4.5.2 Level of Effort Model: Planning Phase 97 
4.5.3 Level of Effort Model: Execution Phase 98 
4.5.4 Level of Effort Model: Delivery Phase 99 
4.6 Conclusion 100 
CHAPTER FIVE 105 
Conclusion and Recommendations 105 
5.1 Introduction 105 
5.2 Conclusions 105 
5.3 Contribution of this Research 111 
5.4 Recommendations 112 
5.5 Recommendation for Future Studies 113 
BIBLIOGRAPHY 115 
APPENDICES 120 
APPENDIX 1: LEVEL OF EFFORT HYPOTHESIS GRAPHS 120 
APPENDIX 2: DETAILED PROJECT DELIVERABLES 128 
APPENDIX 3: LEVEL OF EFFORT FOR COMPLEX PROJECTS 131 
APPENDIX 4: CONSENT LETTER 132 
APPENDIX 5: REQUEST FOR RESEARCH LETTER 133 
APPENDIX 6: RESEARCH QUESTIONNAIRE 134 
APPENDIX 7: GATEKEEPER APPROVAL 147 
APPENDIX 8: ETHICAL CLEARANCE 149 
APPENDIX 9: DATA FROM PARTICIPANT OBSERVATIONS 150 
APPENDIX 10: DATA FROM RESEARCH QUESTIONNAIRES 153 
APPENDIX 11: PUMP IMPELLER SELECTION MODEL 158 
APPENDIX 12: LEVEL OF EFFORT MODEL: SMALL PROJECTS 160 




List of Figures 
Figure 1-1: Cycle for Expansion of Knowledge 8 
Figure 2-1: Project Typology (Technology and Scope Variables) 13 
Figure 2-2: NTCP Diamond Model 14 
Figure 2-3: Project Complexity Factors 16 
Figure 2-4: Degree of Complexity for Simple, Complicated and Complex Projects 17 
Figure 2-5: Importance of Project and Operations Management Alignment 19 
Figure 2-6: Business Development and Implementation Model 20 
Figure 2-7: Joint Venture Model 21 
Figure 2-8: Research and Development Model 22 
Figure 2-9: Four-Phase Project Life Cycle 22 
Figure 2-10: Six Phase SCADA Project Life Cycle 23 
Figure 2-11: Six Phase Project Life Cycle 23 
Figure 2-12: The Four-Phase Project Life Cycle 24 
Figure 2-13: Total Resource Effort Level for Project Phases 25 
Figure 2-14: Effort Level for a Project Life Cycle 25 
Figure 2-15: Project Life Cycle Stages 26 
Figure 2-16: Project Initiation Activities 27 
Figure 2-17: Project Planning Activities 27 
Figure 2-18: Project Management Execution Activities 27 
Figure 2-19: Project Closure Activities 28 
Figure 2-20: Variation in Scope, Time and Resource Impact 30 
Figure 2-21: Trade-off between Resources, Scope and Time in Projects 31 
Figure 2-22: Adaptive Project Life Cycle for New Product Launch 35 
Figure 2-23: Small Project Life Cycle 35 
Figure 2-24: Oil Industry Stage Gate Framework 36 
Figure 3-1: Level of Effort Hypothesis for Project Management Resources 44 
Figure 3-2: Level of Effort Hypothesis for Technical Resources 45 
Figure 3-3: Level of Effort Hypothesis for Sponsor Resources 45 
Figure 3-4: Level of Effort Hypothesis for Business Resources 46 
Figure 3-5: Level of Effort Hypothesis for All Project Resources 46 
Figure 3-6:  Strengths & Weaknesses of Qualitative and Quantitative methodologies 48 
Figure 4-1: Sasol In-house Renewal Project Level of Effort 72 
x 
 
Figure 4-2: Research Hypothesis Graphical Presentation 73 
Figure 4-3: Participant Observation Feedback: Average Level of Effort 78 
Figure 4-4: Questionnaire Feedback: Project split based on Type and Complexity. 80 
Figure 4-5: Questionnaire Feedback: Project split based on Budget and Schedule. 81 
Figure 4-6: Level of Effort: Questionnaires Feedback (Resource Actual Hours) 87 
Figure 4-7: Level of Effort: Questionnaires Feedback (Resource Percentage Hours) 87 
Figure 4-8: Research Proposed Model: Level of Effort Graph 91 
Figure 4-9: Engineering Model: Theoretical Pump Curves Model 93 
Figure 4-10: Typical Pump Curves for Centrifugal Pump 94 
Figure 4-11: Level of Effort Graph 103 





List of Tables 
Table 2-1: Project Success Factors 33 
Table 4-1: Summary of Project Deliverables according to ECSA 66 
Table 4-2: Summary: Project Deliverables according to Literature 67 
Table 4-3: Summary: Project Deliverables According to Research Process 69 
Table 4-4: Hypothesis Maximum Effort Level per Resource 72 
Table 4-5: Summary of Research Findings 73 
Table 4-6: Average Level of Effort per Resource: Observations Feedback 77 
Table 4-7: Grouping Of Questionnaire Feedback Data 79 
Table 4-8: Feedback on Critical Project Deliverables: Questionnaire Feedback 81 
Table 4-9: Summary of Feedback: Level of Effort. 88 
Table 4-10: Summary of All Research Qualitative Findings 89 
Table 4-11: Summary of All Research Quantitative Findings 92 
Table 4-12: Pump Information Obtained from Performance Curve 94 
Table 4-13: Key Deliverables per Resource 103 
Table 5-1: Key Deliverables per Resource for Project Life Cycle Model 108 
Table 5-2: Resource Plan Based on Level of Effort as per Model 109 





List of Abbreviations 
BD&I Business Development and Implementation 
CAS Complex Adaptive Systems 
EPC Engineering Procurement and Construction 
EPCM Engineering Procurement Construction Management 
HAZOP Hazard and Operability 
JV Joint Venture 
KSB:  Klein, Schanzlin and Becker  
LOE Level of effort 
LoE:  Level of Effort 
NTCP: Novelty, Technology, Complexity and Pace 
PMBOK Project management body of knowledge 
PMI:  Project Management Institute 
R&D Research and Development 
RAM Reliability Availability and Maintainability 








The research project focused on project management, specifically for small projects, the 
different project life cycle phases, the deliverables per phase, the resources allocated to the 
project and the level of effort required for successful project completion. Many 
organisations execute numerous projects at any point in time; these can include human 
resource changes, administrative changes, development of new products and extension of 
organisations. Projects can have tangible results or intangible results. What is critical, as 
will be seen later in the research, is that a project needs to have a definite start and finish. 
The measures utilised by many organisations to define projects are cost, schedule and 
quality. These measures are also generally utilised to define the success or failure of a 
particular project. 
The scope of the research was primarily on small projects within the petro-chemical 
industry. The focus was on a quantitative analysis to understand the adopted project life 
cycle model, the types of resources utilised in projects, the required deliverables during the 
project life cycle and the level of effort required from the resources. 
In obtaining this insight from numerous project engineers and project managers within 
Sasol Technology, Sasol Synfuels, Sasol South Africa Energy and consulting engineering 
companies that execute projects within the petro-chemical industry, the research project 
aimed to define a model that would define a project life cycle model, the deliverables per 
phase, the resources and lastly the level of effort required per resource at the different 
project phases. 
1.2 Background 
The utilisation of manpower effectively and efficiently within an organisation is an 
important aspect as the workforce increases. The need to manage and monitor these 
resources effectively has become a critical task for organisations. The task of ensuring that 
the work is distributed among the employees to attain a high productivity ratio is a serious 
challenge. Establishing a system to track the amount of time dedicated by an employee to 
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their work requisite to measure performance in order to also track the effort and progress 
on a project, is essential for a large organisation. 
In saying this, effort tracking should therefore play a significant role in project 
management. The responsibility for effort tracking then rests with the project manager as it 
is an essential requirement from senior management. The purpose of effort tracking is to 
give a clear picture about utilisation of manpower in various projects (Gupta and Dokania, 
2013). Estimation of effort is also extremely important as it impacts numerous decisions 
during the planning stages of a project. The success of a project can be influenced by the 
accuracy with which one is able to predict the resource effort required throughout the 
project life cycle. When the actual effort is higher than the estimated effort, it impacts the 
project under execution in terms of cost, schedule, customer satisfaction, 
project/organisational reputation and profitability. Both under and over estimation in terms 
of level of effort required has impacted projects across the globe (Ramakrishna, 2015). 
Some of the benefits of effort tracking are: support with workload management; 
improvements in terms of planning based on historical level of effort data; better 
management of resources and insight into activities or tasks employees are continuously 
working on.  
The challenges faced in managing or tracking level of effort in industry can be summarised 
as follows (Gupta and Dokania, 2013): 
 Integration of data from multiple sources. 
 Inexperience of project managers in preparing project plans in detail so that effort 
tracking is more precise. 
 Lack of understanding by project resources in providing the effort spent in the 
project accurately. 
 Buy-in from project resources to use effort tracking systems as they are used in 
manual systems. 
1.3 Problem Statement 
A large number of organisations undertaking small- to large-scale projects on an annual 
basis utilise the best skill resources in the organisation for evaluation, execution and 
approval of projects. Different project management models or guidelines are utilised by 
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numerous organisations as tools towards justifying the necessary funds for planned and 
unplanned projects.  
One of the problems with small projects is the volume of these projects within any 
particular organisation. Due to the administrative requirements associated with projects, 
organisations have adopted an approach of defining projects according to size, complexity 
and budget (cost and potential benefits associated). 
Once projects are categorised according to the scale utilised by the organisation, which 
varies from one organisation to another as will be seen later in the research, small projects 
are merely left to the appointed project manager to plan, execute and close out with very 
few governance requirements. 
This of course has the potential to allow for a very dynamic, flexible system where projects 
flourish and organisations continue to grow from the numerous products and innovations 
that are the result of these projects. However, this does also have the potential of creating 
an environment that is filled with recurring project failures, revenue losses and missed 
opportunities. 
Sasol Synfuels in Secunda budgets annually an estimated five hundred million rand for 
small projects which are generally grouped according to the following criteria: 
 Renewal projects are replacement in kind due to technical reasons such as equipment 
reaching end of life. 
 Project end-of-job estimate is below twenty million rand. 
 Project is repetitive in nature. 
 The technical resources required for the replacement are mainly single discipline, i.e. 
Mechanical or Electrical Engineering. 
 Project is to be installed and commissioned within 24 to 36 months from time of 
initiation. 
 Project will not necessarily generate a significant additional revenue stream, but merely 
restore integrity to continue operations. 
These types of projects are seen in the organisation as simple repetitive type projects which 
are generally executed by project engineers, plant technicians and novice project managers, 
and are commonly referred to as tier 5 projects. The tiering system starts with tier 1 
projects which are greenfields projects (projects with no prior work done and no prior 
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constraints), tier 2 being brownfields (projects building on existing work, with the 
associated constraints), tier 3 being highly complex and multidiscipline, tier 4 being 
slightly complex multidisciplinary projects and lastly tier 5. 
The success rate of these small projects in Sasol has been extremely low and has cost the 
organisation money over the years for the following reasons: 
 Equipment delivered late for the installation window. The installation window is based 
on the refinery shut-down plan, which generally means an opportunity to replace a 
piece of equipment comes once every four years. Equipment not installed generally 
means more extensive expensive maintenance on an old unit which has reached end of 
life. 
 Equipment that requires expediting the fabrication schedule to allow for installation 
during the installation window which comes at escalated costs. 
 Rollover of approved funds due to projects not being on schedule which affects the 
entire renewal budget planning which is generally planned 10 years in advance. 
 Competence in managing projects, contracts, fabrication queries, risk etc. which leads 
to delays, compensation events and equipment that is scrapped due to process, 
technical or legal concerns. 
The potential future impact due to the abovementioned on the organisation’s profit margin 
is a major threat as the Sasol refinery is over 30 years old and a large volume of the 
equipment on site is due for replacement as it has reached its end of life. The 
organisation’s strategy is to continue operations up to the year 2050, which clearly means 
successful completion of simple “like-for-like” tier 5 projects, where outdated equipment is 
replaced by modern equipment with the same functionality, within the Secunda Refinery. 
This is a critical requirement for sustainable production and profitability into the future. 
The Sasol Synfuels refinery is also seen within the organisation as the cash-cow of the 
organisation and a large number of future tier 1, 2 and 3 projects depend on the 
profitability of Synfuels. The successful execution of small projects to restore the asset 
base of the refinery to ensure sustainable operation up to the year 2050 can potentially 
affect the Sasol group strategy towards the funding of major projects. 
In summarising the problem statement, the challenges faced in planning and managing 
small projects with the petro-chemical industry have a potential to significantly influence 
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the sustainability of large organisations more than large-scale projects do. In understanding 
this aspects, these challenges faced by inexperienced project managers in the front end 
loading and management of multiple projects that do not necessarily have strict 
governance, are further exaggerated by the inability to define and  obtain the required 
resources. Ensuring the required effort from these resources and the required deliverables 
throughout the project life cycle is also a challenge. This study aims to provide a tool that 
can assist inexperienced project managers working on small projects with a model that will 
assist in developing foresight in terms of the magnitude of effort that will be required, key 
deliverables and the key resources that will be required in ensuring project success. 
1.4 Aim of the Study 
The main motivation for the project was to develop a model that novice or developing 
engineers, project engineers and project managers can utilise for executing small projects. 
The aim was to develop a model that is very simplistic in its nature in that it can be used 
for guidance rather than as a procedure. A procedure is a document that is not dynamic, but 
is rather more prescriptive than a model that can provide reflective feedback based on the 
input parameters. 
The model would then aid the project manager in developing multiple resource plans for a 
number of small projects for a number of resources based on the effort required per 
resource at a particular phase of the project. In defining the resources and effort level 
required per resource for projects that are not very strongly governed, the novice project 
manager will be able to see potential concerns in terms of resource effort level and 
therefore the potential impact on the successful completion of the projects on schedule, 
cost and as per the specified quality. 
Furthermore the research was also motivated by the need to understand the perception by 
the participants regarding the perceived required level of effort at the different phases of 
the project from the different project resources. Clearly a serious misalignment in this 
regard can potentially impact the successful completion of a project. 
The focus of the research was to understand the different project life cycle models used for 
small projects in the petro-chemical industry, the resources required, the deliverables 
required and to link accordingly to the level of effort required for the different resources. 
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The research undertook the analysis by means of literature review, participant observation 
and research questionnaires that were circulated to project engineers and project managers. 
The research was required as resources allocated to small projects are generally shared 
among a group of small projects and unrelated day-to-day activities executed by the 
associated resources. 
1.5 Research Objectives 
The objectives for the dissertation are as follows: 
 Develop a hypothesis for the critical resources for a small project from starting to 
closure phase specifically on the level of effort required per phase.  
 Review the hypothesis and theory developed by utilising theoretical data or literature to 
prove the relevance or accuracy of the hypothesis and theory. 
 Develop qualitative and quantitative mathematical graphs in terms of percentage of 
effort (level of effort) recommended for the key resources at different phases of the 
project life cycle based on the deliverables per resource and as per the project team. 
1.6 Research Questions 
The research focused on answering three main questions, namely: 
 What percentage of effort is required for the critical resources identified in projects for 
the activities required at the different phases of the project life cycle? 
 Is there an alignment or congruency between the current literature and research data 
regarding the resources and percentage of effort required at different phases of a 
project? 
 What graphical representation can be utilised to illustrate the resources and level of 
effort required for the activities required at different phases of the project? 
Note that this research does not consider resources required for the actual construction of 
any equipment, product or structure required for the project. The specific focus of the 
research is on resources utilised for engineering, project management and business related 
activities required to deliver on the key deliverables as per project management principles. 
1.7 Significance of the Study 
This research project will contributed a model that for small projects within the petro-
chemical industry in South Africa, which will assist in the definition, planning, allocation 
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and utilisation of a dynamic project team, which will increase or decrease in size for 
different phases of the project life cycle. 
Such a tool for project managers will allow engineering and project management firms the 
opportunity to effectively utilise the resource pool available to the company on various 
projects, and it can serve as an optimisation tool for skills required at different phases of 
the project life cycle. 
The knowledge the study will add to the body of knowledge within project management 
can be summarised as follows: 
 Additional information in terms of level of effort within projects in the petro-
chemical industry. 
 Better understanding in terms of the pattern and dynamic nature of the level of 
effort required per resource in projects. 
 The understanding of perceived deliverables at project phase level within the petro-
chemical industry. 
 Contribution of a model for better front-end loading on small projects. 
1.8 Limitations of the Study 
The population group that was analysed for the research is people that are either Sasol 
employees or consultants that have executed projects for Sasol; the research therefore has 
the potential of giving feedback that is only specific to the Sasol environment. 
Irrespective of the fact that the respondents do not only have Sasol-specific experience, 
most of the respondents have executed projects outside the Sasol environment. The 
literature review feedback included in the research was also not only specific to the Sasol 
environment. 
The following limitations are applicable to this research: 
 The research only applies to small projects within the petro-chemical industry. 
 Respondents were project engineers and project managers. 
1.9 Format of the Study 
The two key concepts that were fundamental in this dissertation were developing a clear 
hypothesis that would later be developed into a theory and presenting the feedback from 
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the research questionnaires. The theory would encompass numerous hypotheses regarding 
resource loading and level of effort for small projects at different phases of the project life 
cycle. 
In order to narrow the research topic to add more value to a specific environment or 
industry the research topic was amended to only be specific to small projects within the 
petro-chemical industry. The analysis was quantitative in its nature with a sample size of 
53 respondents from 120 questionnaires sent out for the study. The graphs that were 
developed to define the hypothesis were tested during the data collection, data analysis and 
literature review phases of the research project. 
The research process utilised for the study was deductive, empirical cycle in the scientific 
expansion of knowledge indicated in Figure 1-1, the research methodology will however 
be discussed in detail in Chapter 3 of the dissertation. The format of the study entailed an 
extensive literature review of literature that was relevant to the research topic which will be 
provided in Chapter 2 of the dissertation, description of the research methodology as 
highlighted earlier in Chapter 3, discussion of the research results and findings will be 
provided in Chapter 4 and lastly the conclusions and recommendation from the research 









Figure 1-1: Cycle for Expansion of Knowledge 
Adapted from: Welman and Kruger, 1999, p. 11 
Formulate research hypothesis 
Designing a research 





The definition of the project life cycle, the project phases, the deliverables required per 
phase, the resources and the level of effort required from project start to completion is 
critical in projects. These concepts are well understood by experienced project managers 
and are governed and managed well for large- and medium-sized projects in many 
organisations. 
The concept of completing a project on budget, schedule and as per the specified quality is 
not a new one and is well understood in industry; however, for small projects in many 
organisations including Sasol it remains a serious concern, as it eludes many project 
managers in industry. Thus the motivation for this dissertation was to develop a tool for 
project engineers, engineers, novice project managers and plant technicians that are tasked 
with executing small projects year after year. 
The focus of the research was to develop a model that can be utilised for small projects 
within the petro-chemical industry in South Africa after undertaking the research process 
that also entailed a very extensive literature review. The limitation of the study is that it 
was mainly on Sasol projects. The final contribution to the knowledge base and industry is 
a set of graphs that will define the level of effort required for the resources required 







This chapter of the dissertation will provide extensive background into the literature that 
was reviewed for the research project. The literature reviewed covers a period of over forty 
years with the oldest content reviewed being from as far back as 1975. The body of 
knowledge has evolved significantly with many authors providing in depth insight into 
numerous aspects in project management. The literature review that was conducted and 
discussed in this chapter will however be limited to six key concepts, namely, level of 
effort, project life cycle models, project typology, complexity, deliverables and key 
resources. 
The areas of conflict or disagreement in terms of the literature that was reviewed will also 
be presented in order to provide a more holistic picture of the current understanding and 
views in terms of these key concepts by scholars and industry leaders.  
The academic literature reviewed or utilised for this dissertation included electronic books, 
journals, standards, presentations, websites, government gazette guidelines and books 
which gave detail on the following: 
 Definition of the different types of project life cycles and the associated phases of the 
project life cycle. 
 Project management knowledge used to define, align and specify deliverables for the 
different phases of the project management cycle. 
 Allocation of resources on small projects within the petro-chemical industry. 
 Definition of “level of effort” in project management. 
 Management’s role in projects within organisations. 






The literature reviewed was specific to ensure that: 
 It was organised around and related to the research questions. 
 It summarised the outputs around what is known and what is not known. 
 It discussed controversial areas or areas of misalignment on the research topic. 
In ensuring a structured and wide literature review process, the extent of literature 
reviewed during the research process can be estimated to be 30 books (including electronic 
books), 65 five journals and 22 websites. The literature that was relevant to this research 
project is referenced in the bibliography section of the dissertation. 
2.2 Project Definition 
It was critical to define what constitutes a project versus normal maintenance or production 
activities. This section of the dissertation gives guidelines and definitions both from 
literature and industry on projects. 
The definition of the word project comes from Latin where “pro” means forward and 
“jacere” means throw. In simple terms it refers to an event that requires forward planning. 
A paper from the University of Aalborg (Munk-Madsen, c.2005, pp. 6–7) gives two 
definitions of a project namely: 
1. A project is an organisational unit that solves a unique and complex task. 
2. A project is an organisational unit where the prime coordinating mechanism is mutual 
adjustment. 
The project management guide (Project Management Institute, 2000, p. 4) gives this 
definition: “a project is a temporary endeavour undertaken to create a unique product or 
service”. 
The literature definition of a project that has been adopted for the research study is one that 
was defined by the British Standards Institute (2002, p. 2): 
A unique set of coordinated activities, with definite starting and finishing points, 
undertaken by an individual or organisation to meet specific objectives within 
defined schedule, cost and performance parameters. 
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Literature utilised for this research project clearly indicates a project to be an activity or list 
of activities driven by change, proactive change rather than ongoing operations or a 
number of activities that have as few disruptions as possible. 
It was also clearly noted from the literature that projects are initiated to generate additional 
revenue for the organisation or improve operational efficiencies while maintenance or 
production activities sustain or marginally improve the current revenue stream. 
It was thus critical to understand and elaborate further on how a project differs from 
regular maintenance or production activities, for example replacement of pumps or vessels 
as per a maintenance strategy which is defined in most refineries as a shut-down or annual 
outage. A shut-down will have a definite schedule, budget and performance parameters and 
multiple activities; however, this is seen in industry as regular maintenance rather than a 
project and follows less stringent governance in terms of approvals and execution than any 
typical project. 
This dissertation defines a small project on the following key parameters that were used to 
test data received from industry or literature before it was utilised with the hypothesis that 
will be introduced later in the research methodology chapter: 
 A clearly defined project diamond (Schedule, Cost and Quality Performance or Scope). 
 Total end-of-job cost (budget) of not more than one hundred million rand. 
 A business case motivated by financial, legal, safety or environmental improvements. 
 A project schedule from concept to hand-over phase equal to or less than 36 months. 
 Compliance or clearly defined organisational governance and approvals from one 
phase to another. 
It is however, imperative to accept that certain organisations will define projects in a 
manner that could conflict with the definitions discussed in this section. Despite this the 
research definition does cover the majority of key stakeholder definitions of what is 
understood as a project. 
2.3 Project Typology 
Organisations and scholars have adopted and utilised the word project very loosely when 
referring to work executed in a structured manner. However, as discussed earlier, a project 
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can be clearly defined and key parameters should be ticked off when referring to a certain 
set of activities as a project. 
This section of the dissertation will give insight on the different types of projects executed 
within organisations. Furthermore the size of the project will also be discussed as this does 
have an impact on the governance, interest and management associated with the particular 
project. 
Previously the classification of projects was based on the size of the change associated 
with the project, minor changes being referred to as alpha projects and major changes 
being called beta projects (Blake, 1978). A more recent study however, classified projects 
according to the degree to which the project would change the organisation’s product 
portfolio (Wheelwright and Clark, 1992). 
Further studies have gone into more detail and have given insight towards defining the 
project typology according to four levels of technological uncertainty at initial stages and 
three levels of system scope (Shenhar et al, 1995). This approach is shown in Figure 2-1, 
where technology is defined from classic to super high and project management scope, 
which entails organising, controlling resources, managing communication between 




Figure 2-1: Project Typology (Technology and Scope Variables) 




This train of thought was further developed by classifying the nature of technology from 
high to low, the innovation from incremental to radical, and the market from new to 
existing (Balachandra and Friar, 1997). 
More recent literature, however, introduced a new project classification tool, termed 
project diamond-shape NTCP based on four dimensions, given below and illustrated in 







Figure 2-2: NTCP Diamond Model 




2.4 Definition of Complexity in Projects 
The definition of complexity within the project management knowledge environment and 
according to other literature will be evaluated in this section. Numerous organisations 
utilise operational parameters such as budget and size to give an indication of the project 
complexity. Other organisations that see complexity as key, in that it can influence project 
governance and success, utilise a set of key factors, such as technology selection, funding 
model constraints and project interfaces, both internal and external to the project. These 
factors are then updated into a complexity measurement tool to define complexity of 
different projects. 
While management teams in many organisations strive to define complexity in 
organisations and projects, research relating to complex adaptive systems (CAS) shows 
complexity to be very dynamic and difficult to control or measure. Complexity is always 
prevalent because all systems are complex as there are numerous stakeholders, agents, 
systems that interface, connect, communicate and influence each other within an extremely 
dynamic environment or environments in order to survive, grow, innovate and sustain 
themselves (Chan, 2001). 
In defining complexity, it is critical to understand that we not only need to define the 
parameters that influence complexity but also need to understand the level of severity of 
the complexity which makes it difficult to predict certain factors such as outcomes and 
controls required. 
The accepted definition of project complexity for the research is given as consisting of 
many varied interrelated parts, namely differentiation and interdependency. Differentiation 
looks at the number of varied elements while interdependency considers the degree of 
interrelatedness between elements. Within projects, complexity is defined by two 
dimensions, namely structural uncertainty and uncertainty (Williams, 1999, p. 269). These 
concepts are simply defined as follows and as shown in Figure 2-3. 
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 Structural complexity: refers to the project or product complexity, thus the complexity 
associated with the project or product design, subsystems, components, connections, 
interactions, construction, manufacture, installation and commissioning. 
 Uncertainty: refers to how well or not the goals and methods are defined for a 
particular project. 
 
Figure 2-3: Project Complexity Factors 
Adapted from: Williams, 1999, p. 271 
 
Research obtained from the International Research Network of Project Management 
Conference (Remington, Zolin and Turner, 2009) indicates that project managers identify 






 Management process 
 Work practices 
 Time 
The impact of complexity on the research questions and objectives was evident from 
literature reviewed and had to be defined explicitly in order to ensure the research feedback 
and analysis could be restricted to projects that have a similar or equal complexity measure 




The relationship between complexity and level of effort is shown in Figure 2-4, where the 
effort required from management; engineering and other disciplines will increase as the 
complexity of a project increases. The figure shows a qualitative relationship as it does not 
indicate the magnitude in complexity or management effort level. However, understanding 
the relationship is critical and has been considered in the hypothesis of this research. 
 
Figure 2-4: Degree of Complexity for Simple, Complicated and Complex Projects 
Adapted from: Ireland, Gorod and White, 2013, p. 17 
 
Small projects can also be as important as large projects to an organisation in that they can 
have a significant impact on the plant or organisation’s profitability should they not be 
executed successfully, particularly because many small projects take place in operating 
plants. What compounds the importance of small projects further is that organisations can 
execute numerous small projects compared to the limited number of large projects 
executed or approved in a particular period. 
2.5 Project Management 
In defining the different aspects that are critical in projects, it is also imperative to 
understand what the term project management means and what are the associated 
responsibilities or roles associated with project management. This section will give insight 
on how this concept has been summarised in literature. 
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Project management is not a simple concept where the activities of individuals or groups of 
individuals constitute management of a project and later the success of a particular project. 
Project management needs to be seen in a very holistic manner. Project management 
success factors are directly influenced by the following (Cooke-Davis, 2002, p. 186): 
 Adequacy of organisational knowledge on risk management in projects. 
 Maturity of the organisation in assigning ownership to risks. 
 The organisation’s ability to maintain up-to-date and visible risk registers. 
 Accuracy and commitment in maintaining documentation with organisational 
responsibilities on projects. 
 Ensuring project phase duration is no longer than three years. 
 Ensuring scope changes are governed through a controlled process. 
 Maintaining the integrity of performance measurement baseline. 
 Existence of cooperation between project management and line management. 
 Portfolio and programme management practices that allow the organisation to resource 
fully projects that thoughtfully and dynamically match the organisational strategy and 
objectives. 
 A suite of project and portfolio metrics that provide line of sight feedback on current 
and future project key performance indicators, a balanced score card for projects and 
corporate success. 
Figure 2-5 gives a pictorial indication of the relationship between project management, 
operations management and the corporate strategy, thus the success of the project will 
directly impact operations and the long term strategy and organisational sustainability. 
The qualities of the project management team or project manager are not discussed but are 
intended as the quality of human interactions in projects are critical and in essence it is the 





Figure 2-5: Importance of Project and Operations Management Alignment 
Adapted from: Cooke-Davies, 2002, p. 187 
 
2.6 Project Life Cycle Models 
In order to manage projects more effectively and to ensure better control, organisations in 
the petro-chemical industry tend to divide the project period into different phases. These 
phases are defined as a project life cycle when considered collectively. 
Different project management models or guidelines are utilised by organisations as tools 
towards justifying the necessary funds for planned and unplanned projects. Sasol as an 
organisation utilises three models for justifying, evaluating, approving and managing 
projects, namely: Business Development and Implementation Model (BD&I); the Joint 
Venture Model (JV) and lastly, the Research and Development Model (R&D) with the 
primary focus being on governance, managing risk and ensuring that there is alignment 
within the organisation. 
These models ensure alignment and focus by indicating what work should typically be 
completed at various stages of the project by having “gates” to check that development is 




A recent benchmarking evaluation of small projects executed within Sasol highlighted 
several areas as being key to successful project implementation. These key areas were 
defined as follows: 
 Good front-end loading; 
 Better project controls, such as estimating, cost control, scheduling and change 
management; 
 More extensive team integration to help with alignment and to optimise the project 
design earlier in the development phase; and 
 Increased use of value-improving practices. 
2.6.1 Business Development and Implementation Model 
The BD&I model given in Figure 2-6 is primarily utilised for most projects in Sasol and 
defines the project life cycle in eight phases instead of the four phases commonly adopted 
by project managers. This model has been utilised by Sasol for numerous projects due to 
the strict governance requirements the model requires from the different project tracks, 
commonly referred to as resources, in order to move from one phase to another. 
 
Figure 2-6: Business Development and Implementation Model 




2.6.2 Joint Venture Model 
The Joint Venture Model shown in Figure 2-7 is utilised in projects that Sasol is executing 
together with other stakeholders and only has seven phases instead of the eight seen in the 
BD&I model. The evaluation and operation phases are combined to allow for faster hand-
over processes. 
 
Figure 2-7: Joint Venture Model 
Adapted from: Sasol Limited, 2012 
 
2.6.3 Research and Development Model 
The R&D Model is used for projects that are specifically implemented for new research or 
technology at a smaller scale. This model is more simplistic, with only four phases as seen 
in Figure 2-8. 
The Sasol project management models will not form part of the focus for this dissertation; 
however, they have been illustrated for background purposes as they are heavily utilised 




Figure 2-8: Research and Development Model 
Adapted from: Sasol Limited, 2012 
 
The phases are defined or marked based on the deliverables. These deliverables are 
tangible, verifiable work such as feasibility package, detailed package or a final product. 
The end of a phase is marked by hand-over and review of the required deliverables for that 
particular phase. PMBOK (2000, p. 11) refers to these phase-end reviews as phase exits, 
stage gates or kill points. 
Therefore the project life cycle will define the scope that needs to be completed per project 
phase and give an indication of the resources involved in each phase. Most project life 
cycle model descriptions have a similar basis or foundation.  
Projects globally as seen in research are generally managed according to the four-phase 
project life cycle. This is a very simplistic approach towards projects, as given in Figure 
2-9. 
 
Figure 2-9: Four-Phase Project Life Cycle 
Adapted from: Archibald, Di Filippo and Di Filippo, c.2011, p. 5 
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The four-phase project life cycle has been further developed as seen in Figure 2-10 and 
Figure 2-11 to a six phase project life cycle. The six phase project life cycle includes two 
additional phases namely, Feasibility and Post-Project Evaluation. This project life cycle 
allows for a more structured approach for review and investigation of projects post-closure 




Figure 2-10: Six Phase SCADA Project Life Cycle 
Adapted from: Mohamed and Mohamed, 2012, p. 159 
 
 
Figure 2-11: Six Phase Project Life Cycle 
Adapted from: Archibald, Di Filippo and Di Filippo, c.2011, p. 8 
 
More recent literature regarding the project management life cycle gives some indication 
of intermediate steps as seen in Figure 2-12, between phases which allow for project 
definition, detailed planning, monitoring and implementation review. This approach can 
also be considered in defining a four-phase project life cycle. Sasol Limited has adopted 





Figure 2-12: The Four-Phase Project Life Cycle 
Adapted from: Westland, 2006, p. 4 
 
The simplistic four-phase project management life cycle will be utilised for the purposes of 
this dissertation as it was one of the first models proposed by the Project Management 
Institutes in 1981 (Mikulskiene, 2014, p.31) and is a foundation that most project life cycle 
models are founded on. This model is also well understood within the petro-chemical 
industry.  
2.7 Project Phase Deliverables 
Once the project phases have been defined for the particular project, definition of the 
deliverables and schedule need to be finalised. This is however, at a very high level rather 
than at activity level which is detail that is finalised during detailed planning. 
Deliverables are defined as the work or product located at the end of a hierarchy of 
activities. The deliverables can be actual equipment, plant, products or structures; however, 
they can also be abstract such as audits, systems or change processes, though the final 
project deliverable is generally defined by the project client. 
The Project Management Body of Knowledge gives a very simplistic generic cycle which 
serves specifically to indicate that cost and staffing levels will be low when a project starts, 





Figure 2-13: Total Resource Effort Level for Project Phases 
Adapted from: Slevin and Pinto, 1987, p. 34 
 
Figure 2-14 gives a graphical overview of a project life cycle with the respective activities. 
This schematic is a conceptual depiction of the hypothesis proposed by this research and 
was extensively used during the research process, as some of the activities defined in the 
schematic require a certain effort level from various resources. 
 
Figure 2-14: Effort Level for a Project Life Cycle 
Adapted from: Abdou, c.2012, p. 23 
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In understanding the project life cycle phases and the project deliverables, it is critical to 
clearly indicate the level of effort while also mapping the project progress in terms of the 
project scope completed. Figure 2-15 gives a simplistic illustration of the percentage of 
work completed for the project at the different project phase gates. This graph is not to be 
mistaken with the level of effort required from particular resources a discussed earlier. This 
graph depicts the percentage in terms of progress to completion for a project, as shown 
with a project initiation being at the beginning of stage one (0% of the project scope 
completed) and completion at the end of stage four (100% of the project scope completed). 
The level of effort required, for example for project management resources, will typically 
start low, increase during stages 2 and 3, and then later decrease rapidly during the final 
stage. 
 
Figure 2-15: Project Life Cycle Stages 
Adapted from: Project Management Institute, 2000, p. 15 
 
The key deliverables required for the four-phase project life cycle are also given in Figure 
2-16, Figure 2-17, Figure 2-18 and Figure 2-19 from project initiation or start phase to the 
project closure phase. These deliverables will be categorised according to the resource that 
is accountable for the deliverable and further research evaluated on the resource effort or 






Figure 2-16: Project Initiation Activities 
Adapted from: Westland, 2006, p. 5 
 
 
Figure 2-17: Project Planning Activities 
Adapted from: Westland, 2006, p. 7 
 
 
Figure 2-18: Project Management Execution Activities 





Figure 2-19: Project Closure Activities 
Adapted from: Westland, 2006, p. 14 
 
2.8 Project Phase Resources 
Westland (2006, p. 8) highlights that the next action after developing a project plan is to 
define the resource plan which is not only limited to individuals but will include the 
following: 
 Type and quantity of resources required. 
 Roles, responsibilities and skill sets of all human resources required. 
 Specification of all resource equipment required. 
 Type and quantity of all material resources required. 
Project resources are referred to as project stakeholders according to the PMBOK (2000, 
p. 11), which can be individuals or organisations that are actively involved in the project 
and can exert influence over the project and its results. These stakeholders need to be 
identified and their requirements clearly defined for each project. 
The key stakeholders as defined in PMBOK, with their simplified responsibilities, are: 
 Project Manager: responsible to manage the project. 
 Customer: individual or organisation that will utilise the project’s product. 
 Performing Organisation: organisation whose employees are mostly doing the work of 
the project. 
 Project Team Members: group of people doing the work of the project. 
 Sponsor: individual or group providing financial resources for the project. 
Abdou (c.2012, p. 17) is in agreement and also refers to the sponsor, project manager, 
customer, performing organisation and project team members as the stakeholders required 
for every project. 






 Project Management 
 Sponsor 
These are very similar to those adopted by PMBOK; however, this naming of resources is 
primarily for individuals and organisations to be aware of their responsibilities. 
Stakeholder roles and responsibilities may also overlap depending on the project, 
environment and other factors. 
The project resources to be considered in the scope of this research project were limited to 
the following group of skills: 
 Technical Resource: 
o All engineering disciplines resources 
 Business Resource: 
o Business Analysts 
o Financial officers 
o Management in the organisation to assist with review and approval of 
documents according to the necessary governance 
o Steering committees 
o Employees to compile supporting documents, fund application and business 
cases 
o Operate the system or product 
 Project management Resource: 
o Project managers 
o Site supervisors 
o Safety Officers 
o Cost controllers 
o Document controllers 
o Commercial officers 
o Planners/Schedulers 
 Sponsor Resource: 
o Management personnel to support and give guidance to the project with regard 
to resources, governance and schedule compliance. 
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o Employee to draft documents as required from the sponsor according to the 
governance. 
In defining the resources for the project life cycle, key issues to be considered are as 
follows: 
 The type of work and the size of the team. 
 The match between the job and the resource. 
 The experience of the resources. 
 The leaders in the project team. 
The scope will not include defining the resources required for the construction activities 
required; only engineering, project management, business and sponsor resources will be 
considered. 
Figure 2-20 and Figure 2-21 qualitatively indicate the relationship between time, scope and 
resources within projects. In the hypothesis this relationship will also be considered in 
defining the level of effort required from resources over the project duration or schedule. 
 
Figure 2-20: Variation in Scope, Time and Resource Impact 




Figure 2-21: Trade-off between Resources, Scope and Time in Projects 
Adapted from: Lynch, 2003, p. 8 
 
Organisations are forced to prioritise a large number of small projects due to limited 
project, engineering, business representatives and other resources. It is crucial for an 
organisation to know when these resources need to be moved between projects as projects 
progress through their life cycle in ensuring the efficiency of resources (Gupta and 
Dokania, 2013).  
Resource allocation is more of a challenge in smaller projects mainly due to changing 
priorities, difficulty in obtaining commitment from other parts of the organisation to 
provide resources, and sharing of a fixed pool of resources. 
In small projects as discussed in literature (Westney, 1992, p. 77) it is generally assumed 
that the number of resources in each category or resource track is constant over the 
duration of the activity. Research has been done in this area where resource allocation is 
done utilising sophisticated computer systems. What has been revealed is when project 
resources are considered, there are sharp peaks in the resource requirement that can exceed 
the availability. 
When reviewing a resource histogram over the project life cycle, specifically on resource 
consumption, Frame (1995, p. 191) states that at the early stages of the project few 
resources are employed; when the project reaches the middle the resources will be 
employed at full capacity and at the end of the cycle the resources will wind down. 
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2.9 Level of Effort 
The term “level of effort” (LOE) in project management is defined as a support-type 
project activity that needs to be done to support other work activities or the entire project 
effort. LOE activity is therefore an activity that supports completion of work. The phrase 
LOE is thus utilised to define the amount of work of a general or supportive nature that 
does not result in a definitive end product or outcome (Business Dictionary, 2015). The 
estimation of the LOE is one of the key responsibilities of the project manager. 
The Project Management Body of Knowledge defines LOE as a support-type activity and 
gives a more detailed definition as follows (Project Management Institute, 2000, p. 202): 
Support-type activity (e.g., vendor or customer liaison) that does not readily lend 
itself to a measure of discrete accomplishment. It is generally characterised by a 
uniform rate of activity over a period of time determined by the activities it 
supports. 
Simplistically defined it refers to the specific and quantifiable count and measure of 
definable labour units required in the attempts to arrive at the completion of a phase of a 
particular project schedule (Project Management Knowledge, 2014). 
Research regarding the LOE gives additional insight when estimating the LOE for a 
project, which needs to be completed before cost and schedule estimation is performed. 
The following ten steps can be utilised to determine effort hours (Mochal, 2014): 
1. Understand the accuracy required from the estimate. 
2. Utilise one estimating technique (analogy, prior history etc.) to define the initial 
estimate. 
3. Factor the effort hours based on the resources available (optional step). 
4. Include for specialist and part-time resources. 
5. Add the time required for rework (optional step). 
6. Include time required for project management: by rule of thumb 15% of total hours 
should be allocated to project management. 
7. Add hours for contingency or risk associated with the estimate. 
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8. Calculate the total effort. 
9. Review the information, assumption, calculations and results and adjust where 
necessary. 
10. Document all the assumptions at that point in time. 
2.10 Project Success Factors 
The analysis and definition of different models to execute projects all comes back to the 
benefits of implementing a project successfully. This section will focus on the concept of 
project success rather than project management success which is mainly associated with 
traditional measurements of performance against cost, time and quality (Cooke-Davies, 
2002, p. 185). 
Project success refers to the project success or failure criteria. This concept is referred to in 
literature as the critical success factors for a project; it is the inputs that directly or 
indirectly lead to project success. Literature by Pinto and Slevin identified a list of 10 
project success factors (Turner and Muller, 2005, p. 56) as seen in Table 2-1 below. 
Table 2-1: Project Success Factors 




2.11 Alternative Literature 
2.11.1 Project Phases 
The life cycle for projects within the petro-chemical industry is sometimes seen as two 
phased rather than the traditional four-phase project life cycle. A paper dated January 2011 
(Selaru, 2012, p. 276–277) states that projects are typically seen in these two phases: 
 Development Phase which has a deliverable of a Basic Engineering Package. 
 Implementation Phase which includes detailed engineering, procurement and 
construction. 
The definition of the phases in this manner allows for easier allocation of contracts such as 
EPC (Engineering Procurement and Construction) and EPCM (Engineering Procurement 
Construction Management) which are very popular contracting strategies within the petro-
chemical industry. 
Westney (1992, p. 9) highlighted the need for treating small projects differently to the 
conventional approach discussed earlier in the research. He highlighted that any project 
management technique could be adopted provided it could allow the following: 
 Allow one to handle many projects at once. 
 Be used effectively without training or previous experience. 
 Cope with short schedules. 
 Simplify organisational interfaces. 
 Handle complexities of work in an operating plant. 
 Provide a basis to accumulate data (cost and schedule information) for future projects. 
 Improve the multiple project managers’ capabilities regarding key responsibilities for 
projects. 
In evaluating what other project life cycle models could be utilised for small projects 
(Archibald, Di Filippo and Di Filippo c.2011, pp. 5–6) also argue that the project life cycle 
needs to be more specific, and could include up to 10 or more phases. Literature indicates 
that predictive and adaptive project life models have been developed and can be utilised as 
they are more specific to the type of project. 
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Predictive models are more focused on optimisation rather than adaptability, whereas the 
adaptive models, as seen in Figure 2-22, accept and embrace change during the planning or 
development process of the project life cycle. 
 
Figure 2-22: Adaptive Project Life Cycle for New Product Launch 
Adapted from: Archibald, Di Filippo and Di Filippo, c.2011, p. 6 
 
A project management project life cycle defined by Westney (1992, p. 50) in managing 
projects is given in Figure 2-23 below which does not necessarily define phases but rather 
key milestones for planning or executing a small project. This is commonly referred to in 









Figure 2-23: Small Project Life Cycle 
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Other scholars Frame (1995, p. 7) Mikulskiene (2014, p.22) and have defined the project 
life cycle or projects as having a beginning, a middle and an end; this may seem simplistic 
but it is not trivial when considering management of projects. 
Milton (2005, p. 34) defines a five phased project life which is defined specifically for the 
oil industry. Figure 2-24 gives some detail of the proposed project life cycle. 
 
 
Figure 2-24: Oil Industry Stage Gate Framework 
Adapted from: Milton, 2005, p. 3 
 
2.11.2 Project Resources 
Most literature gives an indication of the resources required to execute projects at the 
different phases; however, Frame (1995, p. 84–85) states that resources should be defined 
in such a way as to facilitate the effective management of projects, in other words 
structured to enhance team efficiency rather than to suit a particular project management 
model. A structure that leads to exceptional performance for one project can fail dismally 
for another project. 
The role of the project manager is what is seen as critical as the project manager needs to 
have competencies in the following areas: 
 Scope, time and cost management 
 Human resource management 
 Risk and quality management 
 Contract and communication management 
2.11.3 Critique of the Literature 
The literature that was reviewed for the dissertation provided some background into the 
concepts that were key for the research project, as discussed in previous sections of this 
chapter. This section of the dissertation, however, will focus on the researcher’s critique in 
terms of the literature; furthermore the critique will be followed by potential areas of 
development in terms of literature going forward as observed by the researcher. 
Appraise Select Define Execute Operate 
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2.11.3.1 Project Definition, Typology and Complexity 
The definition of a project as seen from literature reviewed does allow room for 
development in that the definitions are somewhat outdated and simplistic in their nature. 
The definition presented by the British Standards Institute, however, was very 
comprehensive and clearly defined.  
In defining projects in the current environment the term is being very loosely utilised for 
any activity or group of activities that resembles a project. A definition that speaks to the 
modern project manager’s ambition in executing projects is needed, since from this 
research perspective the definitions noted from literature require a scholar in the 21
st
 
century to define the term project as projects are viewed within the current project 
management environment. 
The two models defined earlier in Section 2.3 provided a very complex explanation for 
project typology which speaks extremely well to the current environment of defining the 
various types of projects. The nature of projects is extremely dynamic and complex and 
simplistic definitions such a small, large, medium, complex, single discipline or multi-
disciple are no longer suitable. The literature provided good knowledge in terms of the 
NTCP diamond model and the four aspects of review in terms of typology, namely 
technology, novelty, complexity and pace. 
In understanding how these concepts influence project typology and complexity, the 
literature reviewed also provided a concept that is currently being researched by many 
scholars, namely CAS. Defining and understanding complexity in projects is key as it can 
potentially influence the risks associated with the project. The structural uncertainty and 
uncertainty were explained further by input on complexity with literature from Remington, 
Zolin and Turner (2009).  
2.11.3.2 Project Management, Project Phases and Project Deliverables 
The body of knowledge in terms of discussions around concepts such as project 
management, project phases and project deliverables is extremely well documented, as 
observed in Sections 2.5, 2.6 and 2.7. The different project life cycle models, the phases 
and the deliverables per phase when managing projects are clearly documented. The 
literature that was reviewed also provided alternative models that are utilised in the petro-
chemical industry and other discussions that have been introduced that do not necessary 
agree with the models discussed. 
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The literature currently available does not, however, provide the level of information that 
the researcher required for the research project, which is specific models for small petro-
chemical projects. That information adequately covered generic models that can be utilised 
across industries, but project life cycle models such as the EPC and EPCM discussed in 
Section 2.11 are not well documented literature. 
2.11.3.3  Level of Effort 
The concept of level of effort is not well documented in current literature, irrespective of 
senior management’s focus in industry on better reporting on level of effort as highlighted 
in Section 1.2. Level of effort qualitative presentations by means of graphs as shown in 
Figures 2.4. 2.13 and 2.14 seems to be where much focus has been placed in documenting 
this concept. The literature provided did, however, provide extremely good definitions of 
the concept and how it can be calculated from first principles. 
2.12 Conclusion 
Extensive research and theoretic literature have been documented on many project 
management concepts. The information obtained from the literature review was extremely 
valuable and is directly linked to research questions and objectives. A large volume of the 
information is in agreement or aligned; however, there are scholars and researchers that 
have expressed alternative concepts which were also reviewed in this section. In summary 
to this chapter the key concepts that influenced the research project will be discussed in 
brief in concluding this section of the dissertation. 
The definition of what entails a project was critical and was clearly discussed and the final 
definition adopted for this research was based on the British Standards Institute definition:  
A set of coordinated activities with a definite start and finish with objectives 
centred around completing the activities on budget, schedule and as per the 
specified quality. 
Once the definition of a project was finalised, research to understand how the types of 
projects are defined, or rather project typology, was also critical for the research as it does 
influence other factors within the project structure. The literature indicates that two main 
models have been adopted regarding project typology. The first defines typology using two 
concepts, namely nature of technology and project management scope. The second model 
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defines typology based on four concepts, namely nature of technology, project 
management scope, novelty and pace. 
The complexity of organisations which execute projects and the complexity of projects 
were evaluated. This area of research was found to have conflicting concepts as there are 
currently two schools of thought. The first is that all systems, projects included, are 
complex adaptive systems that are always changing, and their complexity cannot be 
managed or measured easily. Thus managing complex adaptive systems in a certain 
manner does not guarantee an outcome. The second school of thought states complexity 
can be measured and managed to ensure project success. Understanding the complexity of 
a particular project is critical as research has also shown that complexity does directly 
influence the level of effort required from the resources allocated and associated with the 
project. 
Literature around project management, project life cycles, project phases and project 
deliverables has been adopted very well in industry and there are numerous books on the 
topic and much research completed. The literature evaluated for this dissertation clearly 
highlighted an agreement on the four-phase project life cycle which entails: 
 Project Start/Initiation 
 Project Definition/Planning 
 Project Execution 
 Project Closure 
However, more recent literature gives insight into project life cycles that included 
additional phases which have been confirmed to be beneficial, specifically during the early 
stages of the project and towards the end of the project. The six phase project life cycle 
discussed in the literature review included two additional phases, namely the incubation or 
feasibility phase which precedes the project start phase. The other additional phase is post-
project closure which is termed post-project evaluation phase. 
The six-phase model was also further developed to an eight-phase model which is utilised 
by organisations that execute large projects, typically brown- and greenfields projects. This 
model allows two additional phases, one phase pre-execution and another post execution. 
Once the literature regarding the project life cycle model was addressed, the next critical 
concept was the deliverables and resources defined or required as per the different models. 
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The literature reviewed provides some insight on the key deliverables and the resources but 
this concept has not been well defined by scholars and remains subject to numerous factors 
that are specific to a particular project. However, there is common ground on the generic 
resources and deliverables required for a project to move from one phase to another and 
finally in defining the project as complete or closed out. 
The concept of LOE as seen in literature is quite a recent concept with evidence of the first 
definition by the Project Management Body of Knowledge in the year 2000, where the 
term was defined as a support activity that is measureable and is categorised by a uniform 
rate of activity over a period of time. More recent literature defines this term in line with 
the research objectives as a quantifiable count and measure of definable labour units that is 
defined to be required in the attempts to arrive at the completion of a phase of a particular 
project schedule. 
Calculating or defining the LOE for the project is critical for this research project and 
literature by The International Community of Project Managers (Mochal, 2014) gives a 10 
step guide which will also be used later in the research process. 
In conclusion, literature was also reviewed to define the term project success and what 
constitutes failure or success in projects, and the concept of project success factors was 
investigated. Recent literature has defined clearly the difference between project 
management success and project success; Turner and Muller (2005) have defined critical 








This chapter of the dissertation provides detail on the research design and research 
methodology utilised for the research process. The quantitative research method was 
adopted for this research as it proved to be more beneficial especially as the aim of the 
research is to define a tool with graphical detail that can be utilised for different scenarios, 
based on feedback from a sample of research questionnaires. 
Detailed insight will be given in this section on the key factors that were defined and 
investigated before the research process could be undertaken. These factors included but 
were not limited to defining the following: 
 Detailed hypothesis. 
 Null hypothesis. 
 Research framework. 
 Relevant research methods. 
 The size of the research target group. 
 The methods used to collect data. 
 Method used to analyse information. 
 Research questionnaire utilised for the research process. 
3.2 Research Design 
The research design was developed to allow the research process to ensure the research 
questions and objectives defined in Chapter 1 were successfully answered or achieved. The 
choice of the approach as previously discussed was determined by the nature of the 
research problem statement. The quantitative research methodology was considered for the 
research project in order to cater for the specific information that was required for the 
study. The detailed information was analysed and formed into a model that can be used for 
a large number of projects while maintaining confidentiality and anonymity. 
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The research design entailed the following: 
 Literature evaluation, which entailed evaluating the concepts and theories that have 
been researched and accepted globally regarding the project life cycle phases, 
resources, deliverables and the LOE required from the resources throughout the project 
life cycle. 
 Information gathering, focused on obtaining data from project engineers, engineers and 
project managers from Sasol Synfuels, Sasol Technology, Sasol South Africa Energy 
and engineering firms/consultants that have completed small projects successfully. 
 Defining a detailed hypothesis based on experience, participant observations, literature 
and case studies. 
 Data Analysis, which entailed a detailed analysis of the literature reviewed, feedback 
from questionnaires and input from participant observation notes. 
3.3 Research Questions 
The research questions as defined in Chapter 1 of this dissertation were defined prior to the 
research methodology being finalised. These questions were utilised in order to ensure 
alignment towards the research objectives during development of the research 
questionnaire, as discussed later in Section 3.5.4. 
The research questions are summarised as follows: 
 What percentage of effort is required for the critical resources identified in projects for 
the activities required at the different phases of the project life cycle? 
 Is there an alignment or congruency between the current literature and research data 
regarding the resources and percentage of effort required at different phases of a 
project? 
 What graphical representation can be utilised to illustrate the resources and percentage 
of effort required for the activities required at different phases of the project? 
Note: This research does not consider resources required for the construction of any 





In defining the research hypothesis, the research questions had to be clear and then 
translated into a hypothesis that states a relationship between two or more variables in one 
(or more) population(s). 
Hypothesis Statement 
It is hypothesised that the LOE (percentage of effort) of critical project resources will vary 
significantly depending on the phases of the project life cycle for small-sized projects, the 
four key resource tracks being technical, business, project management and sponsor 
resources. 
Null Hypotheses 
There are no critical resource tracks in the management of small projects and the LOE 
(percentage of effort) for the project resources is not dependent on the deliverables or the 
phases of the project life cycle but rather other internal and external factors. 
Detailed Hypothesis 
There are four critical resource tracks in projects, namely technical, business, project 
management and sponsor resources. The LOE for each of these resources is dynamic and 
changes as the project moves from one phase to another of the four-phase project life 
cycle. 
The resource track LOE increases and decreases mainly due to the deliverables (scope, 
governance requirements, accountability, responsibility, cost, schedule, safety and quality) 
required during the particular phases of the project life cycle. 
The research hypothesis was developed into graphs before the research process was 
initiated. The researcher developed these graphs in line with the hypothesis that was 
developed for the research project. Figure 3-1 to Figure 3-5 give a graphical hypothesis 
prior to the research process conducted for the project. The graphs indicate the LOE per 
resource from project initiation to project completion. The project life cycle is defined 
from zero to one hundred percent. The four phase project life cycle is utilised; therefore, 
the project life cycle is divided into four phases. This concept is derived from the basic 
principles of project management, in that a project is divided into four phases, and the 
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critical assumption in the development of the hypothesis was that each phase of the project 
life cycle is equal to the next. This is a valid assumption as the hypothesis does not provide 
for the large volume of resources utilised during the construction exercise of the project. 
The hypothesis graphs were generated from the researcher’s understanding of projects and 
the project management environment based on previous experience and interactions with 
other stakeholders within the project management fraternity. 
1. Project Start/Initiation: 0% to 25% of project completion. 
2. Project Definition/Planning: 25% to 50% of project completion. 
3. Project Execution: 50% to 75% of project completion. 
4. Project Closure: 75% to 100% of project completion. 
The graphs were then developed by the researcher with the aid of Microsoft Excel as the 
tool that generated all the graphs represented in the dissertation. It is critical that the graphs 
are interpreted with the understanding of the different phases and percentage of the project 
completed, as defined above. The detailed hypothesis graphs for the LOE required per 
phase for the four different resource types are given in Appendix 1. 
 
 



























Figure 3-2: Level of Effort Hypothesis for Technical Resources 
 
 












































Figure 3-4: Level of Effort Hypothesis for Business Resources 
Figure 3-5: Level of Effort Hypothesis for All Project Resources 
 
The approach of testing a counter hypothesis currently available in literature or industry 
will not be considered for this dissertation but can be considered by future scholars. 
3.5 Research Methodology 
The research methodology that is adopted for a particular research project is generally 
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defined research objectives. The three research methodologies utilised for research projects 
are qualitative, quantitative and mixed. As noted the researcher would decide on the 
preferred method based on the type of data required for the research process; in a research 
project where the research question requires numerical data, the preferred research method 
would be the quantitative. 
Quantitative research emerged around 1250 AD; it has been simply defined as the general 
approach researchers take in carrying out research projects (Williams, 2007, p.66). This 
particular research would entail numerical data collection, historical research, 
mathematical models in the analysis of data, testing of data, hypothesis testing, 
standardised questionnaires, measurement procedures and statistical analysis. The methods 
used for quantitative research can include survey research, structured questionnaires, 
validity and reliability. 
Qualitative research is more of a holistic or natural research process, the research process 
involves discovery as it allows the researcher the opportunity to develop a level of detail 
from high involvement in actual experiences (Williams, 2007, p.67). Qualitative research 
is simply defined by Nigatu (2009, p.5) as developing concepts that assist in understanding 
phenomena in natural settings which give emphasis to the participants’ views and 
experiences. The methods utilised particularly for qualitative research are case study, 
ethnography study, observations, open-ended research questionnaires and content analyses. 
The combination of qualitative and quantitative, commonly referred to as the mixed 
method, was utilised in research around the mid-to-late 1900s (Williams, 2007, p. 69) with 
the intention of showcasing that researchers can incorporate methods used to collect and 
analyse data from the qualitative and quantitative methods for a single research project. 
The research methods would, of course, entail the collection of numerical data and 
narrative data to meet the research objectives and answer the research questions. 
After the brief explanation into the different research methodologies available to 
prospective researchers; it is also important to also establish the key weaknesses and 
strengths of the different research methodologies. Figure 3-6 provides detail into the key 






Figure 3-6:  Strengths & Weaknesses of Qualitative and Quantitative methodologies 
Adopted from: Choy, 2014, p. 101  
3.5.1 Quantitative Method 
The quantitative method is extremely valuable as it can render the strengths which are in 
line with the requirements of this research project, such as allowing the facilitation of 
numerical data analysis in reviewing for agreement or disagreement from respondents. 
Numerous methods are commonly utilised in quantitative research, which are namely: 
 Hypothesis Testing 
 Experiments 
 Structured Questionnaires 
 Historical Research 
 Case Study 
 Participant Observation 
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This dissertation however, only focused on four key methods: historical research, case 
study, structured questionnaires and participant observation in obtaining information that 
was used in evaluating the hypothesis and developing the proposed model. 
One of the critical issues relating to a quantitative research methodology is to maintain 
ethical standards in that confidentiality and consent must be addressed and ensured before 
and during the research process. 
3.5.2 Historical Research 
Historical research was used to add value in evaluating the hypothesis defined in the 
dissertation, and the primary sources of historical data were sourced and utilised in 
defining and refining the hypothesis as discussed in detail in Chapter 2. 
In quantitative analysis, it was critical to utilise primary rather than secondary sources and 
this was fundamental in evaluating the relevance of the information from secondary 
sources as it can be inadvertently or deliberately distorted and influence the research 
findings. 
3.5.3 Case Study 
A detailed analysis of Sasol as an organisation that manages numerous small projects 
within the petro-chemical industry formed the basis for the case study section of the 
dissertation. The focus was on the resources utilised at different phases of the project life 
cycle which was used to gather data that was used in reviewing the quantitative graphs 
developed as the hypothesis. The pool of projects considered was limited to the following 
criteria: 
 Small technical projects within the Secunda Refinery Complex. 
 Small-scale projects being managed by Sasol Technology and engineering consultants 
only within South Africa. 
3.5.4 Research Questionnaires 
The questionnaire given in Appendix 6 was circulated within the Sasol group of companies 
to project managers, project engineers and to various engineering and project management 
firms for feedback. The researcher utilised an opportunity at a Sasol Secunda Refinery  
Engineering Meeting held early in November 2014 to discuss the objectives of the research 
project and request participation from the engineers that were at the meeting. Forty five 
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hard copies of the questionnaire were handed out at the end of the meeting. An electronic 
copy of the questionnaire was later circulated to the meeting attendees. 
A further 75 emails sent out by the researcher to project managers and engineers within the 
research target group requesting participation in the research project and submission of the 
feedback via email or at the specific collection points; hard-copy completed questionnaires 
were left with secretaries that had been requested to provide support before the 
questionnaires were sent out. 
The researcher did not utilise one-on-one or group interviews to collect data required from 
the questionnaire. The majority of the respondents completed the questionnaires in 
isolation; however 13% of the respondents made contact with the researcher for 
clarification on certain questions. 
The research questionnaires that were collected from the submission stations and via email 
by the morning of the 31
st
 of December 2014 at the Secunda Refinery were utilised for the 
purpose of the data analysis as discussed later in Chapter 4. The information received was 
used to develop graphs, with a combination of qualitative and quantitative information, that 
were later used to test the hypothesis developed earlier in the research. 
The questionnaire was structured to ensure that information regarding key areas of the 
research would be tested while also ensuring that it was linked to the research questions 
and objectives. 
Questionnaire: Part 1 
Questions 1 to 9 were structured to gain insight into the project size (magnitude), typology, 
complexity and strategic importance. These questions were utilised in the research to 
ensure that projects that are similar in nature, size, complexity and strategic importance are 
grouped and reviewed as a group in order to draw a mean that is accurate based on the 
project typology as defined in the research. 
Questionnaire: Part 2 
Questions 10 to 13 were utilised to get information on the types of resources involved in 




Questionnaire: Part 3 
Questions 14 to 17 focused on gathering information on the activities and/or deliverables 
that were completed during the four phases of the project life cycle by the four different 
resource types for the particular project. 
Questionnaire: Part 4 
Questions 18, 19 and 20 were structured to obtain qualitative and quantitative feedback 
from the respondents on the amount of hours or LOE required per resource for the four 
different resource types for the four phases of the project life cycle. 
Questionnaire: Part 5 
The last set of questions, namely question 21 and 22, were included to understand if 
external factors or risks influenced the project during the project life cycle and how this 
was managed and lastly if the project was considered a success. 
The minimum number of questionnaires considered for both internal distribution and 
distribution external to Sasol, was 50. 
3.5.5 Participant Observation 
Participant observation as a quantitative method was also utilised and provided very 
valuable information towards refining the research hypothesis. As the researcher was also a 
participant in the Sasol Synfuels Projects Department. At the time of this research, the 
researcher had 10 years of experience as a project engineer within the power utility and 
petro-chemical industry in South Africa. Thus the researcher’s observations on the 
following projects was utilised as part of the data in the data collection phase of the 
research process: 
 Venturi Absorber Rebuild Project. 
 Replacement of the Coke Cutting Tool Project. 
 Construction of a 2.2 Million Litre Tank Project. 
 Sectional Replacement of Sulphen Storage Tanks Project. 
 Boiler Re-build Project. 
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This research method entailed the observations and deductions noted by the researcher 
based on unstructured discussions with project team members and colleagues external to 
the projects. The observations and participation in the different project teams over a period 
of 12 months, where the level of effort per resources, the specific resources and 
deliverables were evaluated against the other projects within the Secunda Refinery. The 
Secunda Refinery was noted to be the ideal community to undertake the study into the 
daily activities of the project teams based at this site. In order to ensure the areas observed 
would add value to the research project, the following criteria were used in eliminating 
observations that were not to be considered in the research data analysis: 
 Project team being observed needed to be structured with appointments and clearly 
documented or perceived roles and responsibilities. 
 Observations on external projects were limited to projects in the initiation, planning 
or closure phase due to the assumed large number of activities in the execution 
phase. 
 Projects had to be small and technical in nature as defined in this dissertation. 
 Only projects within the Power Station and Sulphur plant environment were 
observed. 
 Projects assumed to have a significant number of external resources were not 
considered for observation. 
Both the perceptions and actual effort required from particular resources were noted, as 
well as the deliverables required per phase and the impact of external factors on the 
different resources. The setting of the site, what was observed by the researcher and the 
discussions between the researcher and multiple participants were noted in field notes, the 
information noted was assumed to be objective and subjective. The participants to the 
study which formed part of the researcher’s project team were aware of the study and the 
fact that the researcher would utilise the observations for the dissertation. However 
participants from other projects and within the refinery were not aware of the observations 






The aspects that were key for the observations conducted were: 
 Perception in terms of level of effort required per resource from the project team. 
 Level of effort per resource observed by the researcher from other projects. 
 The criticality of the different resources on projects.  
 Critical deliverables based on project success or failure.  
This information was recorded as field notes which were later interpreted into findings; 
these findings were then summarised into qualitative and quantitative information.  
The details pertaining to the analysis of the observation, the criteria used to select the 
observation group, how the process of recording the observations and the process of 
analysing the information are discussed further in the dissertation under Section 4.3.1. 
Information from archived projects and from previous project managers that the participant 
had worked with regarding the LOE, man-hours and the distribution of the man-hours was 
also represented in a graphical model which was used to define the research hypothesis on 
the LOE and the different project life cycle models. This information and the interpretation 
thereof will be discussed extensively in Chapter 4. 
In undertaking participant observations, it is impossible for the researcher to be totally 
detached from the research process even when desired. Instead of seeing this as a concern 
it has been identified in this research project as a benefit and will be utilised as 
unstructured information under the participant observation method. This idea is also 
referred to in literature as reflexivity. 
Reflexivity is defined by Horsburgh (2003, p. 308) as the active knowledge or 
understanding by the researcher that their actions and decisions will inevitably impact upon 
the meaning and context of the experience under investigation. Therefore, the researcher 
realises and accepts that they are an integral part of the world being investigated; thus 
neutrality or objectivity regarding the data collection, analysis and interpretation is not 
possible. 
3.6 Research Site 
The research site for the dissertation was limited by the researcher’s ability to access what 
many organisations consider to be confidential information, namely the resource loading at 
different phases of the project. Project management and engineering consulting firms also 
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consider this information to be of strategic importance as organisations that execute 
projects successfully with the optimal number of resources can be more profitable than 
those that do not use resources efficiently. 
However, due to the volume of small projects executed within the different business units 
or companies within Sasol, the availability of information internally was not a concern. 
The following Sasol business units formed part of the research site: 
 Sasol Synfuels is located in Secunda, Mpumalanga. The site consists of two power 
stations and refineries on the same site. The site employees more than 15 000 people. 
In terms of production, the site produces 800 megawatts of electricity and imports 600 
megawatts of electricity continuously in order to produce 7,4 million tonnes of 
numerous types of products ranging from petrol to fertilisers per annum. The average 
annual budget for small projects within Synfuels is five hundred million rand. 
 Sasol Technology is located both in Secunda, Mpumalanga and Rosebank, Gauteng. 
This Sasol business unit is focused on developing new technologies for Sasol and 
executing projects for the Sasol group internationally in countries such as 
Mozambique, Nigeria, Canada and the United States of America to name a few. 
 Sasol South Africa based in Randburg, Alberton and Germiston, Gauteng focuses on 
retail and wholesale business in South Africa. The projects related to the construction 
of retail sites and commercial sites are managed within this business unit. 
Two consulting organisations that provide project management and engineering services 
also formed part of the research site for the dissertation. The names of the organisations 
will not be disclosed as anonymity was guaranteed when gatekeeper approval was 
requested. The two consulting firms however, render a service to the Sasol group. 
The research site was also limited to projects executed within the boundaries of South 
Africa, particularly Mpumalanga province and specific to the petro-chemical industry. 
3.7 Description of Participant Group 
Defining the participant group and the sample size for a research project is a very 
important step as it is neither practical nor effective to strive to study an entire population 
group. Many researchers, therefore, have previously opted for random samples. In terms of 
sample size many researchers believed that the larger the sample size the better the 
research feedback as the sampling error was assumed to decrease with size. However, 
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more recent literature shows that the benefit of a large sample size does not surpass the 
benefits associated with defining an optimum sample and key parameters that are 
important to the sample group. An optimum sample is defined by Marshall (1996) as one 
that adequately answers the research question(s). 
Literature (Marshall, 1996 p. 523) shows that there are three main sample strategies, 
namely convenience, judgement and theoretical samples. Convenience sample is mainly 
focused on the ease of access to the participants; this technique can be the least rigorous 
and can lead to poor results. This method is generally seen as not credible or 
representative. The judgement sample is commonly utilised by researchers as the 
researcher selects the most productive sample to respond to the research questionnaire. 
This sampling method can be very informative but the researcher needs to be well 
informed on the research topic to ensure this sampling method is well utilised to allow 
valuable feedback from the research process. 
The theoretical sampling method requires an iterative process in that it entails the building 
of interpretative theories from the data received and later elaborating on theories built. 
Therefore participants will be selected or defined based on their ability to provide relevant 
data on the area or subject under research. Analysis of the feedback from the research 
questionnaires or interviews will also give guidance in the future sample group, this 
approach is part of theoretical sampling (Horsburgh, 2003, p. 311). 
The sampling method utilised for this research was a combination of judgement sampling 
and theoretical sampling. The participant group was not restricted by gender, race or age as 
is the case with many quantitative research studies which generally focus on a specific 
group. The specific group for this research was restricted to the parameters defined below. 
 The participants needed to have an engineering or project management background or 
qualification. 
 The participants’ experience within the industry or projects had to exceed a period of 
three years. 
 The feedback from the questionnaires would not be restricted to a particular field; 
however, the projects needed to be executed within the petro-chemical industry. 
 The participants had to be working for Sasol or either one of the project and 
engineering consulting forms. 
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 The age, gender, race or nationality of the participant was not a restricting parameter 
for participation. 
 The participation was also restricted only to English-speaking individuals. 
The size of the participant group was not limited as the research objective was based on 
obtaining a large volume of information that would be utilised to evaluate the hypothesis 
and define the graphical models. The participant group was therefore limited to 120 
participants. However, the time available for the research was the limiting factor as data 
collection, analysis and interpretation were very time consuming. 
3.8 Methods of Data Collection 
The data that was utilised for the research process was categorised into two, namely 
structured and unstructured i.e. historical data, surveys, participant observation and 
questionnaires. The raw data obtained from the different research processes was collected, 
organised and processed into Microsoft Excel and Word. 
3.8.1 Structured Data 
Structured information on resource loading at different phases of the project life cycle was 
sourced from the following organisations: 
 Consulting Engineering and project management firms. 
 Sasol project and engineering groups: 
o Sasol Technology project managers for small projects. 
o Sasol Synfuels project managers and project engineers for small projects. 
o Sasol South Africa Energy project managers and project engineers for small 
projects. 
Data on technical, business, sponsor and project management resources required from start 
to closure phase in terms of man-hours or effort level was requested and treated as 
confidential for the purposes of this research project. 
3.8.2 Unstructured Data 
Unstructured data refers to information that was obtained during the research process from 
participant observations and feedback from the research questionnaires from the 
participants. Field notes from the participant observation were expanded into descriptive 
narratives. The narratives were then developed into MS Word documents with date stamps 
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as the referencing method. The information was categorised and recorded utilising a 
hardcopy filing system and later transferred to Microsoft Excel. 
The observations were conducted on projects that were planned and executed within the 
Sasol Secunda Refinery complex, specifically the power station and the sulphur plant. The 
observations were conducted on project department personnel, engineers, management and 
operations personnel from the January 2014 to 15
th
 of December 2014. The recording of 
the unstructured data was limited to weekly notes. The activities pre and post the execution 
phase of the construction of a 2.2 million litre tank provide a significant volume of 
information utilised in developing the model presented later in the dissertation. 
3.9 Data Analysis 
In order to complete the analysis of the information, the raw data that was available had to 
be structured in a manner that would allow efficient analysis of the information. A 
systematic approach was developed which entailed the following steps: 
 Quantitative information on the resource loading hours was reviewed to ensure the 
information was relevant to projects only considered for the purpose of this research. 
 The information on the resources hours was turned into an average to ensure 
anonymity and confidentiality. 
 The qualitative and quantitative information was later developed into graphs to indicate 
the average LOE per resource and the key deliverables for the project life cycle. 
 The qualitative information was obtained from two main sources, namely the 
participant observations and the research questionnaire. 
 The quantitative feedback from the questionnaires was also checked for validity to the 
research topic. All valid feedback was then filed according to the project life cycle 
phase. 
 The information was also converted into an average measure and converted into 
graphical representation. 
 The participant observation feedback was also structured into graphical models based 
on previous projects. 
The key focus of the data analysis process while maintaining confidentiality and 
anonymity was to search for differences, similarities, themes, areas of development, areas 
of future research and new ideas or themes during the continuous research process. Testing 
58 
 
the hypothesis while also adjusting where necessary in order to define a graphical model 
from the research process was also key. 
Ultimately the final outcome of the research process was to define a graphical model that 
would give an indication of the project life cycle, project life cycle phases, key project 
deliverables per phase and the LOE required per resource for the project life cycle. 
3.10 Assumption and Risks 
The graphical representations that would be developed for the purpose of the research 
would consider certain assumptions and risks which would clearly be defined with the 
graphs. Some of the assumptions and risks can be summarised as follows: 
 All projects information utilised for the data collection phase is assumed to be correct 
and accurate. 
 The information provided is assumed to be in line with the project limits in terms of 
budget, schedule and scope. 
 The respondents are assumed to be competent and well experienced in project 
management. 
 Exclusion for factors to allow for efficiency, effectiveness and other undefined risks 
are not included. 
 Scope creep or additional scope was not considered in the model. 
 The project resources are assumed to be competent. 
 A risk of under- or overestimating resources should be considered and a correction 
factor is recommended as seen later in the dissertation. 
 The model to be developed does not include legal and organisational governance 
deliverables as these are assumed to be clearly defined in other documents or tools.  
3.11 Ethical Considerations 
Due to the sensitivity and confidentiality of the information that was required for the 
research process, a formal request to conduct the study, as seen in Appendix 5, was sent to 
a group of desired participants for the research project. Consent to continue with the 
research and send out the research questionnaire was given by the following organisations: 
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 Sasol Technology. 
 Sasol South Africa Energy. 
 Sasol Synfuels. 
 Two project management and engineering consulting firms. 
The gatekeeper approvals were obtained and filed as seen in Appendix 7 as proof that the 
management representatives were aware of the research and did consent at the time of the 
research. 
The participants were assured of anonymity and confidentiality, as this was clearly stated 
in the introduction of the research questionnaire. Furthermore participation in the research 
process was also clearly indicated as voluntary in the questionnaire. However, due to the 
number of questionnaires sent out for the research, participant consent was not documented 
but assumed for questionnaires that were returned for the purpose of the research. 
Lastly ethical clearance (Appendix 8) was also obtained from the University of KwaZulu-
Natal to conduct the research for the purpose of completing the dissertation. 
3.12 Review of Another Engineering Model 
The use of models in the petro-chemical industry is not a new phenomenon. Models such 
as the pump curve model continue to be utilised extensively in industry. Especially as the 
pump may have been man’s fourth invention following the wedge, lever and the wheel 
(Ajayi and Mofikoya, 2012, p.795). 
A theoretical model of a pump curve and one specific to a particular pump will be 
discussed later in Section 4.4. The key basis of this section is to provide an objective view 
of how a similar model to the level of effort model that was developed during this research 
process continues to be utilised in the petro-chemical industry. 
3.13 Research Limitations 
This section of the dissertation will provide a brief description of some of the critical 
limitations experienced during the research process. Firstly, the number of respondents to 
the study was a potential concern as the information that was requested from the 
questionnaire was very extensive and a significant amount of time was required to 
complete the questionnaire. Secondly, some respondents believed the information was 
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confidential to a certain extent as it could potentially impact future pricing in terms of 
hours required from the different resources at different project phases. 
Furthermore, the competency and experience of the respondents were also a limitation as 
the questionnaire required feedback where certain individuals could either have limited 
exposure or knowledge on the matter. This had the potential of diluting the accuracy of the 
feedback with invalid information. Lastly as the questionnaires were circulated by email, 
one of the key limitations was the inability of the researcher to engage the respondents on a 
one–on-one before the completion of the research questionnaire. The hard copies of the 
questionnaires were only handed over to respondents for completion, the respondents and 
the researcher did not engage in one-on-one discussions. 
3.14 Conclusion 
This chapter of the research dissertation introduced the research design that was utilised to 
address the research questions and achieve the research objectives. A quantitative research 
methodology was defined and adopted for the purpose of the research. The research 
method utilised for this particular research was limited to historical research, case studies, 
research questionnaires and participant observation. 
The hypothesis statement, null hypothesis and detailed hypothesis statement were clearly 
defined and introduced in this chapter. The hypothesis in summary states that the LOE for 
critical resources varies significantly depending on the phase of the project for small-sized 
projects. The hypothesis was further defined graphically into models indicating the LOE 
required per resource for the project life cycle. This hypothesis was developed prior to 
commencement of the research process. 
The data obtained from structured and unstructured sources discussed in this chapter was 
used to further refine the hypothesis, test the hypothesis and further develop the 
hypothesis. The data analysis process was clearly defined, and with the aid of Microsoft 
Excel the research information was stored, refined, evaluated, analysed and illustrated in 
graphical models as will be discussed in the next chapter. 
The research site consisted of three main sites, namely Sasol Synfuels Secunda, Sasol 
Technology South Africa and Sasol South Africa Energy Projects. The focus was mainly 
on South African projects for the research questionnaires sent out for feedback. The 
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research participants were not limited or restricted by race, gender or age but rather by 
their competence, experience and working experience within the petro-chemical industry. 
The research questionnaire was structured into five parts which ensured that feedback from 
the participants would include feedback specifically on the following: 
 Insight on the project size, complexity and strategic importance. 
 The types of resources involved in the project. 
 The activities and deliverables completed per phase. 
 Qualitative and quantitative feedback on resource LOE. 
 External factors that influenced the project. 
The limitations for the research project were documented and well understood by the 
researcher as describes in Section 3.13 of the dissertation. The aspects that could influence 
the research findings from the limitations such as lack of feedback from respondents and 
ensuring strict confidentiality of the feedback were managed closely in ensuring the 
research process would be completed as planned. 
Lastly the approval from gatekeepers and the University of KwaZulu-Natal was critical for 
the research process. Consent from gatekeepers, participants and the university was 
requested via a formal letter requesting permission to conduct the research, detailed 
consent in the introduction of the research questionnaire and a detailed ethical clearance 
application. The formal approvals from the university ethics committee and the 







Results and Discussion 
4.1 Introduction 
This chapter of the research dissertation will focus on presentation of the results after the 
analysis of the data obtained from the numerous sources as per the research methodology 
discussed in the previous chapter. The results from the respondents will be presented by 
means of quantitative graphs and qualitative feedback summarized in tables in order to 
give a collective or cumulative presentation as to maintain confidentiality while also 
providing in-depth feedback from the research process. 
The results will also be discussed in detail in this section of the dissertation while re-
visiting the research questions and objectives discussed in Chapter 1. The literature 
reviewed in Chapter 2 will also form part of the discussion of the results. 
The discussion will clearly indicate the information that supported the research hypothesis 
while also highlighting the key areas of misalignment. The hypothesis will also be 
reviewed and areas of agreement and misalignment will be shown. 
The discussion will be centred around the research objectives and questions as findings and 
recommendations centred around the objectives and the questions are critical and will form 
the basis for Chapter 5, in order to clearly define the outcomes, lessons and contributions 
of this research project. The discussions associated with the objective that ties to the 
feedback from the questionnaires will be discussed later in this chapter after the analysis 
and representation of the feedback from the respondents. 
4.1.1 Objectives One and Two 
The first two objectives for the research were focused around developing a hypothesis for 
critical resources for a small project from start to finish, specifically on the LOE required 
per phase. The research process defined in Chapter 3 of the dissertation made possible the 
answering of the research question linked to these objectives. A detailed analysis of 
literature highlighted numerous project life cycles for small projects. The following project 
life cycles have been adopted by many scholars and organisations: 
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 Four-phase project life cycle 
 Six-phase project life cycle 
 Eight-phase project life cycle 
These three models are very similar and in essence can be seen as an evolution from one to 
the next. In simple terms, the eight-phase project life cycle model is an evolution of the six 
phase cycle. The six phase project life cycle similarly is the evolution of the four phase 
project life cycle. As shown in Chapter 2 these models are similar and merely include 
additional phases to allow firstly for better governance of pre-project initiation, post-
project initiation, and prior to project closure. The inclusion of additional phases such as 
the pre-feasibility phase allows the project team to develop the project in smaller stages 
rather than when there are few phases. In the inclusion of additional phases the project 
governance and deliverables are better managed and certain key documents are developed 
into more detail as the project develops from one phase to another. This is key for large-
scale projects as pre-feasibility, for example, can identify key concerns that can have a 
financial impact in the development of a feasibility package for a particular project. 
In the project management of specific types of projects, for example small size projects 
with a low complexity; the four-phase project management cycle has proven adequate and 
does yield success across many organisations. 
However, the research process did highlight new concepts and areas of incongruence 
regarding project life cycle models. There is a small group of organisations and project 
managers specifically within the engineering sector that have also adopted a two phase 
project management life cycle. The first phase as highlighted in Section 2.11.1, being a 
combination of an initiation and planning phase. The second and last phase is a 
combination of a detailed planning phase, execution and project closure. 
The Engineering Council of South Africa recognises a five-phase project life cycle referred 
to as the stages of services (Republic of South Africa, 2014, p. 40), namely: 
 Inception 
 Concept and Viability 
 Design Development, Documentation and Procurement 
 Contract Administration and Inspection 
 Close out 
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Another new concept introduced by Westney (1992, p. 9) is that any project management 
technique can be adopted and projects can be managed according to the conventional 
approach. In so doing so projects can be addressed more adaptively and embrace change 
during the planning and development process which could exploit available efficiencies 
and become more innovative by nature. 
A more radical approach which is believed to be in line with complexity theories such as 
those defined in literature associated with complex adaptive systems indicates projects to 
fall within the definition of a complex adaptive systems that require dynamic thinking. The 
literature further elaborates that no particular model, actions or guidelines can guarantee a 
particular outcome for a complex adaptive system. 
Irrespective of the conflicting project life cycles models that have been documented and 
researched, there is still common agreement about the four, six and eight-phase project life 
cycle. The most commonly utilised and adopted model for small and less complex projects 
is the four-phase project life cycle as observed in the literature review, case studies and 
participant observation undertaken during the research process. The four phases of this 
model are primarily focused on the specific scope and deliverables required per phase. 
The four phases are project initiation or start, project definition or planning, project 
execution and project closure or delivery, in that particular order of sequencing. 
In defining or developing the hypothesis for small projects the project life cycle model 
adopted was critical as this would form the basis for the scope or deliverables required at 
different milestones of the project which would have a direct correlation on the LOE 
required from the resources. 
In further developing the hypothesis, the research process assisted in obtaining information 
on the definition and specification of critical resources within the project management 
environment. The literature clearly highlighted that resources are not limited to individuals 
or groups of individuals but can be inclusive to include tangible and intangible items such 
as knowledge, materials, structures, tools and so forth. 
However, there is common agreement derived from literature, case studies and participant 
observation in terms of key or critical resources required for projects and these have been 
defined as follows: 
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 A project manager who is responsible for the management of the project, resources, 
schedule, cost, quality and overall success of the project. 
 The customer, client or business, which will utilise the project’s product. 
 The performing organisation, which is the organisation whose employees are mostly 
doing the physical work of the project. 
 The project team, which is the group of individuals doing work on the project. 
 The sponsor, who is the individual or group that provides funding for the project. 
There are some very valuable new concepts that have also emerged from the research 
process, specifically around critical resources, which go as far as to say resources need to 
be defined in a way that allows for effective management of the project and that the role of 
the project manager and his competencies are the critical issues when evaluating the 
concept around resources for a project. 
After detailed analysis and review of the different sources of information optimal or 
critical list of resources, the resources were grouped and limited as follows: project 
manager, technical resources, business resources and sponsor resources. The performing 
resources were excluded from the research process as these resources and their effort level 
tend to vary significantly depending on the scope of the project. The performing resources 
are also not defined in the front-end loading of a project but are rather defined by the 
contractor or service provider early in the execution phase of the project. The research 
associated with the definition of these resources or effort levels can be considered for 
future research. 
The concept of LOE is one that is relatively new within the project management 
environments and it was a key concept to the research conducted. This concept is simply 
defined in Chapter 2 as a quantifiable count and measure of definable labour units required 
to arrive at the completion of a phase of a particular project schedule. 
Literature on the definition or calculation of LOE for project resources is very limited 
currently as there are currently numerous computer programs utilised by organisations and 
project managers to define quantitative resource plans.  
In terms of the LOE required from the technical resources throughout the project life cycle, 
the Engineering Council of South Africa gives an indication of the LOE per phase based 
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on the recommended percentage of payment for the technical resources per phase. This 
detail is given in Table 4-1. 
Table 4-1: Summary of Project Deliverables according to ECSA 
Adapted from: Republic of South Africa, 2014, p. 40 
Project Phase 
(Stage of Service) 
Typical Percentage 
Points for Each 
Stage 
Inception 5 
Concept and Viability 15 
Design Development & Documentation and 
Procurement 
40 
Contract Administration and Inspection 35 
Close out 5 
 
There is very recent literature from the International Community of Project Managers that 
was very useful in defining the LOE required from a resource and was discussed in detail 
in Section 2.9. These guidelines together with the representation given in Section 2.7 and 
knowledge of the researcher based on previous projects aided in defining the LOE at 
different phases for different resources for small projects. The assumptions and 
information from literature related to LOE will later be compared to the feedback from the 
questionnaire. 
In evaluating all the aspects related to projects and project management as defined earlier 
in this section it was important to also acknowledge that the project deliverables are also 
dependent or influenced by numerous factors including those discussed earlier. The project 
deliverables as discussed in Section 2.7 can be defined as the work or product located at 
the end of a hierarchy of activities, which can be a product, equipment or documentation. 
These deliverables are generally determined by the client, the organisational governance 
and the project life cycle model adopted. The definition of deliverables and milestones is 
key in that it directly influences whether the project is termed a success or not. Prior to 
concluding the discussion regarding project deliverables, the concept of project success 
will be explored, as this can influence the project deliverables. 
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This concept of project success or project success factors was discussed in Section 2.10 of 
the dissertation. This concept is not similar to project management success which is 
centred around the successful management of the project diamond, i.e. cost, quality, 
schedule and scope, but rather is centred around the measures that have been specified in 
the definition of a project being a success or not. 
These measures were highlighted in detail in Table 2-1 and include adherence to the 
project mission, client acceptance of the final product and provision of timely and accurate 
data to key stakeholders. 
The list of key deliverables for critical resources in small projects within the petro-
chemical industry is directly influenced by project success factors and the definition of 
victory for small projects. It then becomes clear what the list of key deliverables for the 
critical resources in small projects within the petro-chemical industry should include. 
Research by Westland (2006) gives insight into the deliverables for the four-phase project 
life cycle acceptable by the project management fraternity. These deliverables are 
summarised per phase in Table 4-2. These are not indicated per resources. 
Table 4-2: Summary: Project Deliverables according to Literature 
Adapted from: Westland, 2006, p. 221 
Deliverables 
Project Phases 
Initiation Phase Planning Phase Execution Closure 
Develop Business 
Case 
















Cost Management  
Appoint Project 
Team 
Create Quality Plan Quality Management  
Set up Project 
Office 
Create Risk Plan Risk Management  
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Deliverables Project Phases 



















 Contract Suppliers Issue Management  
 
Gate review and 
Sign-off 
Change Management  
  Time Management  
  




The list of deliverables for small projects can be extremely detailed as seen in Table 4-3 
beyond what has been defined in Table 4-2. The information highlighted in Table 4-3 was 
based on the feedback and analysis of the different sources of information utilised for the 
quantitative research process as defined earlier under research methodology. 
Appendix 2 gives a detailed list of deliverables as observed during the participant 
observation research process. The deliverables are indicated per phase for the three types 
of projects currently executed in Sasol Synfuels, namely complex renewals or capital 
projects, in-house/EPC Renewals and lastly in-house renewals. The magnitude and type of 
projects as defined earlier specific to this research can be categorised as in-house renewals 
according to the Sasol Synfuels Project Management Procedure. 
However, the questionnaire feedback regarding deliverables required per project life cycle 
phase will be discussed later in more detail in Section 4.3. This feedback will also be 
reviewed, analysed and included in the final discussion of results and development of the 





Table 4-3: Summary: Project Deliverables According to Research Process 
Deliverables 
Project Phases 
Initiation Phase Planning Phase Execution Closure 
Develop Business 
Case 






























Create Risk Plan Risk Management 



































Deliverables Project Phases 
Planning Phase Execution Closure 
Initiation 
Phase 







Develop Very Rough 

























Develop Level 2 
Schedule 









Final product or running 
entity 
Project Close-out review 
plan 
Gate review and Sign-
off 
 
The literature, case studies and participant observation discussed were all used in further 
developing the hypothesis model in order to address the requirements of the objectives of 
this research project. 
The research hypothesis for this research therefore states, as defined earlier in Chapter 3, 
that there are four-phases for small projects which are project initiation or start, project 
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definition or planning, project execution and lastly project closure or delivery. The LOE 
required per resource per phase is very dynamic and varies significantly throughout the 
project life cycle. The four key resources being the project management resources, 
technical resources, business resources and sponsor resources. 
The information obtained from the participant observation research process also indicated 
clearly the changes in the effort level from the different resources involved within the 
project as the project moves from one phase to another. The resources were identified as 
follows: 
 Project Management 
 Technical or Engineering 
 Operations 
 Strategy and Business 
Figure 4-1 clearly indicates the changes in the level of involvement or LOE, as termed in 
this research, for the four resource types as the project moves from one phase to another as 
defined by the Sasol Synfuels Project Management Procedure. The letters indicated in the 
figure give an indication of which resource is Responsible (R), Accountable (A), Consulted 
(C), Supports (S) and Informed (I). Appendix 3 gives a graph indicating the level of 
involvement per resources for complex projects as an indication of the changes or 
variations in terms of responsibilities for the different resources depending on the typology 




Figure 4-1: Sasol In-house Renewal Project Level of Effort 
Adapted from: Synfuels Projects, 2013, p. 32 
 
The research hypothesis is defined taking into consideration the different research methods 
utilised for this research project and is further defined in Table 4-4 and graphically in 
Figure 4-2 in terms of the effort level required per resource at the different phases of the 
project life cycle. 
Table 4-4: Hypothesis Maximum Effort Level per Resource 
Resources 
Project Life Cycle Phases  
(Maximum Effort Level Per Resource %) 
Initiation Planning Execution Closure 
Project Management 20 16 40 20 
Technical Resources 40 50 15 5 
Business Resources 10 10 5 25 





Figure 4-2: Research Hypothesis Graphical Presentation 
 
Later in the dissertation the feedback from the research questionnaires will be analysed and 
evaluated against the current literature specifically on four concepts, the definition of key 
resources, the LOE required, the deliverables and the project phases. The representation of 
the hypothesis will be evaluated graphically later against the respondent feedback to 
clearly indicate the gap or alignment between the hypothesis and the quantitative feedback. 
The research objectives also include a discussion regarding the areas of alignment or 
congruency from current literature to the hypothesis. 
Table 4-5: Summary of Research Findings 
Area of Review Literature 
Review 














Significant alignment observed 
through the research process 
















All Project Resources: Level of Effort 
Project Management Resources Technical Resources
Initiation Phase Execuation Phase Closure Phase Planning Phase 
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Area of Review Literature 
Review 
Hypothesis Case Study Summary 













The naming convention is 
different; however, in essence 
there is also alignment in terms 























Significant alignment observed 
in terms of critical resources for 
projects. New ideas that conflict 
the idea of critical resources 
however, are developing and are 
gaining support within research 



























Alignment on key deliverables 
for the different phases. This is a 
subject that is well documented 
and understood in industry. 
Organisational governance gives 
stringent requirements with 
gatekeepers specific to 




Area of Review Literature 
Review 
Hypothesis Case Study Summary 











The concept of level of effort is 
one that has not be well research 
or documented by scholars. The 
focus in the industry is mainly on 
actual LOE measurement for 
resources rather than a providing 
a tool to assist with defining 
LOE at the beginning of a 
project for front end loading. 
4.2 Research Results in Terms of the Objectives 
This section will present data collected and discuss the associated relevance and alignment 
to the literature reviewed in Chapter 2. Concepts that were identified and any incongruence 
with the feedback and the literature will be explored. 
The structured approach that was followed was based on the objectives for the dissertation 
and later the presentation of the results and then concludes with a summary of key findings 
and an updated hypothesis to conclude the chapter. 
4.2.1 Objective Three 
The third objective of the research project centers on the development of a graphical model 
to give an indication or guidance in terms of the resources required and level of effort for 
the different phases of the project life cycle for small projects within the petro-chemical 
industry. In essence this allows for a graphical representation of the key aspects observed 
from the literature reviewed and the data analysis completed for the purpose of this 
research project. The graphical representation can be utilised for front-end loading on 
projects or be further refined by other scholars in the future. Project managers will have the 
76 
 
opportunity to utilise the graphical model when planning to execute small projects within 
the petro-chemical industry in South Africa. 
The graphical model will be defined later in the dissertation after analysis of the data 
obtained from the questionnaires and the participant observations. 
4.3 Data Analysis 
Data analysis for a quantitative research project required the researcher to evaluate the 
information from three distinct perspectives, namely literally, reflexively and 
interpretively. Analysis using these three methods added value towards reviewing the 
information and the results specifically because the researcher’s sample for quantitative 
research was generally small. A detail breakdown of the number of respondents will be 
provided later in this section. 
The data was analysed primarily from the deductive approach utilising the questionnaires 
to group the information and then looked for areas of alignment and areas of differences. 
The information was then reviewed together with case studies, historical research, latest 
literature and participant observations to further develop, adjust and test the hypothesis and 
develop the graphical model as per the research objective deliverables. 
4.3.1 Participant Observation 
The number of projects that were utilised in terms of participant observation for the 
purpose of the research was limited to five over a period of twelve months. 
The information was then categorised based on it being qualitative or quantitative as 
discussed earlier in Section 3.5.1. The software programs that were utilised were, 
Microsoft Excel and Word. Microsoft Excel was utilised to develop the level of effort 
graphs, calculate averages in terms of level of effort based on the raw data from multiple 
resources and verification of the data. Microsoft Word was utilised to structure the 
information obtained from the field notes into the descriptions narrative, expanded field 
notes, draw mind maps and define common concepts such as definition of critical 
resources, key deliverables, perception of resource effort level. 
 The qualitative and quantitative results will be shown later in this chapter in graphical and 
table form with only key information highlighted. The calculations and the raw data used 
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in developing and defining the graphs are included in Appendix 9 for detailed review and 
analysis. 
The information provided in Table 4-6 is the calculated averages for the level of effort per 
resources at different phases of the four phase project life cycle model as per the five main 
projects observed during participant observation research process as discussed earlier in 
Section 3.5.5. The background information utilised to calculate the averages is provided in 
Appendix 9.  The quantitative measures indicated in terms of level of effort per resource, 
per phase for the five projects were obtained during open ended discussions with the 
different project teams. The information was not based on hard measures such as a 
resource plan or actual effort level measures conducted by the project team but rather 
based on the project team’s experience, perception and the discussion. 
Table 4-6: Average Level of Effort per Resource: Observations Feedback 
 







Technical Business Sponsor 
Initiation 18% 36% 26% 19% 
Planning 26% 40% 17% 17% 
Execution 52% 22% 16% 10% 





Figure 4-3: Participant Observation Feedback: Average Level of Effort 
4.3.2 Research Questionnaires 
The research questionnaire in Appendix 6 was utilised to obtain feedback from engineers 
and project managers within Sasol and externally from consultants that undertake projects 
for Sasol and other organisations within the petro-chemical industry. The detail of the 
departments and consultant that provided consent in terms of the feedback required for the 
research project is given in Appendix 7.  
The research questionnaire was circulated to over 120 participants; however, only 53 
responses (44%) were received back from the group, both internal to Sasol and engineering 
consultants, were considered for the purpose of the research project. The percentage of 
responses from the questionnaires was not as originally expected; however, the quality and 
quantity of the feedback obtained was acknowledged to be a good representation of the 
research group. 
This section of the dissertation provides a summary of the qualitative and quantitative 
feedback received from the research group. The detail of the feedback can be found in 
Appendix 10. The information was evaluated from a qualitative and quantitative point of 
view. Table 4-7 gives an indication of the spread of the information. 
 
Initiation Planning Execution Closure
Resources Project Management 18% 26% 52% 40%
Resources Technical 36% 40% 22% 20%
Resources Business 26% 17% 16% 31%

















Average Level of Effort from Participant Observation 
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Project Typology, Complexity 
and Schedule 
 x 
Project Deliverables per Phase x  
Project Resource Loading: Total 
Hours 
Details were not provided by all respondents. 
Project Resource Loading: 
Percentage 
 x 
Project Success  x 
4.3.3 Interpretations of Questionnaire Results 
The data obtained from the questionnaires as discussed in the previous section was 
analysed and summarised into key areas as per the research objectives to highlight the 
feedback from the research process. The results will be summarised as follows in this 
section of the dissertation: 
 Project typology, complexity and schedule 
 Project deliverables 
 Level of effort per resource 
The summary of results from the questionnaires, participant observations and literature 
reviews will then be critically compared later in this section to clearly indicate areas of 
alignment and misalignment. 
In order to prevent dilution and misrepresentation of the research data and results, the 
misalignments identified from the three different research processes specifically pertaining 
to the level of effort measures will not be addressed by means of averaging the information 
or utilising the mean of the various data points. The researcher’s experience and 
knowledge of the project management environment was utilised in adjusting the difference 
from the different research sources to provide input towards the final graphical model that 
would be presented as a deliverable in line with the research objectives. It was however, 
imperative to focus on providing a model that can be utilised further in research or in 
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industry specifically regarding the level of effort required per resource for the different 
phases and the deliverables required per phase. 
The graphs shown in Figure 4-4 provide detail regarding the feedback from the research 
questionnaire on the type of project that the feedback was based on. The majority of the 
projects, as can be seen from the graphs were technical in nature making up 89% of the 
projects feedback. This was a positive deduction as the research objective was to address 
projects that are technical in nature. The complexity of the projects noted from the 
questionnaire was mainly of a medium and low nature with the split at 68% and 23% 
respectively. This again was in line with the research objectives in terms of project 
complexity. 
  
Figure 4-4: Questionnaire Feedback: Project split based on Type and Complexity. 
In terms of project total end-of-job budget and schedule the feedback received from the 
questionnaire is seen in Figure 4-5. In terms of the information seen here 51% of the 
projects had a budget in line with the criteria specified for this research project and 76% of 
the projects had a schedule in line with the research criteria. The information received from 
the research questionnaires was therefore in line with the research requirements in terms of 




















Figure 4-5: Questionnaire Feedback: Project split based on Budget and Schedule. 
The qualitative information that was important for the model in defining the critical project 
deliverables for the model obtained from the research questionnaires is summarised in 
Table 4-8, where the information was evaluated and presented according to the key 
resources and the four-phase project life cycle model. 
Table 4-8: Feedback on Critical Project Deliverables: Questionnaire Feedback  





 Feasibility Study Report 
 Technical Justification Report 
 Scope of work for concept design 
 Tender evaluation 
 Concept Design 
 Review of previous failures and 
maintenance strategies 
 Registration of the required modification 
 Preliminary schedule for technical scope 
 Obtain existing system technical 
information 




 Develop level 1 project schedule 






















12 to 24 Months





 Project Phase Resources Research Questionnaires Feedback 
Resources  Develop a resource plan 
 Ensure all the governance documentation 
is completed as per schedule 
 Manage interfaces between different 
disciplines 
  
Sponsor Resources  Evaluate the need for the project 
 Develop and maintain organisational 
project budgets 
 Ensure project governance 
 Provide funding for concept phase of the 
project 
 Appoint a project manager 
Business Resources  Develop the business case 
 Evaluate the concept design and the 
technology selection 






 Update schedule for technical scope 
 Basic Design 
 Managing the completion of technical 
activities 
 Ensure procurement and fabrication of 
long lead items 
 Completing engineering studies such as 
HAZOP (Hazard and Operability) and 
RAM (Reliability Availability and 
83 
 





 Develop level 3 project schedule 
 Define project team 
 Develop project critical factors 
 Ensure the project is accommodated in the 
outage/shut-down plan 
 Arrange the project communication and 
meeting guidelines 
 Apply for project execution phase funds 
 Approval of contracts for the project 
 
Sponsor Resources  Providing alignment and support between 
the project team and the business 
 Support address project risks 
 Provide funding for the project 
 Ensure project governance 




 Project Phase Resources Research Questionnaires Feedback 
Business Resources  Provide input to the design based on 
operational requirements 
 Participate in engineering studies such as 





 Detailed Design 
 Developing scope of work for tendering 
purposes 
 Tender evaluations 
 Placing contracts for resources and 
materials required for the project. 
 Support in ensuring quality control 
measures 
 Inspections and sign-off on work 
completed 
 Interface management between different 
engineering disciplines 




 Update project schedule (Level 4 
Schedule) 
 Appoint service providers and contractors 
for the execution scope 
 Management and reporting on project 
triangle 
 Ensuring all required resources and 
equipment is available for the project 
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 Project Phase Resources Research Questionnaires Feedback 
 Approval of milestone payments 
 Site inspections and sign-off on work 
completed 
Sponsor Resources  Ensure project governance 
 Provide funding for execution phase of the 
project 
 Hold the project manager accountable for 
project triangle measures 
Business Resources  Develop operating procedures. 







 Review of end-of-job documentation 
 Updating of internal documents 
 Close out of change management process 
 Ensuring operation of the equipment or 




 Final reports for the project 
 Project close out 
 Gather information from project resources 
to provide feedback 
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 Project Phase Resources Research Questionnaires Feedback 
 Manage the project triangle 
Sponsor Resources  Review final project reports 
 Ensure governance 
 Ensure all business documentation has 
been updated 
 Approval to commission the 
system/project 
Business Resources  Commission and operate the new product 
or system 
 Assessing the impact of the project on 
business 
 
The graphs given in Figure 4-6 and Figure 4-7 give the representation of the level of effort 
feedback from the research questionnaires. The graphs are separated as some of the 
respondents provide the data in terms of hours booked per resource and others provided a 
percentage value for the level of effort. This can be observed from questions 18 and 19 of 
the research questionnaire in Appendix 6. 
The sensitivity and volume of the quantitative data was a concern for respondents as only 
16% of the respondents provided detailed data on hours worked. Irrespective of the low 
response rate on this question, the information obtained was still utilised with the 
information that was provided as a percentage in order to utilise as much data as possible 





Figure 4-6: Level of Effort: Questionnaires Feedback (Resource Actual Hours) 
 
 
Figure 4-7: Level of Effort: Questionnaires Feedback (Resource Percentage Hours) 
The combined qualitative and quantitative information obtained from the research 
questionnaires was also compared against the participant observation information as shown 
previously in Section 4.3.1. Table 4-9 provides a comparison of this information. As can be 
seen there were significant discrepancies between the level of effort measure from the 
questionnaires and that recorded from the participant observation feedback. This 
Concept Planning Execuation Delivery
Technical 66.85 47.46 42.65 37.49
Project Management 24.77 38.35 41.07 31.59
Sponsor 4.69 8.86 6.22 14.08





















Questionnaire Feedback: Quatitative Feedback  
Concept Planning Execuation Delivery
Technical 69.89 49.78 28.78 37.44
Project
Management
17.67 37.89 41.26 33.00
Sponsor 7.33 6.67 15.00 9.89





















Questionnaire Feedback: Qualitative Feedback 
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discrepancy was noted but due to the time limitations, it was not investigated further for 
this research project. This discrepancy can be better understood or examined should a 
research project be considered that will primarily focus on a quantitative evaluation of the 
level of effort based on actual level of effort tracking information. 


































Concept 18% 18% 36% 70% 26% 5% 19% 7% 
Planning 26% 38% 40% 50% 17% 6% 17% 7% 
Execution 52% 42% 22% 29% 16% 15% 10% 15% 
Delivery 40% 33% 20% 37% 31% 20% 9% 10% 
 
The information was then analysed and presented in a manner that shows its agreement or 
conflict with the original hypothesis for the research. The information was then utilised to 
modify the hypothesis or to develop future investigations that may be required to prove or 
disprove the research hypothesis. The graphical patterns drawn were then explained 
individually and cumulatively in order to provide results that have meaning, experience 
and views. The gaps between the research information and the hypothesis exist mainly 
because the hypothesis is not as dynamic as level of effort in industry. The level of effort 
model thus by its nature will always have gaps, which are mainly due to the nature of 
projects, the dynamic nature of resources,  the environment projects are executed in and the 
tools used in projects that can require more or less effort from a resource. 
Accepting that these gaps exist is more important than understanding why they exist. As in 
projects these gaps are managed by means of various tools, skills from the project team and 
other support functions that tend to be specific to each project. 
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All the qualitative information from all the avenues utilised for this research project, 
among others, historical data, literature review, participant observation and questionnaires 
in closing out the research objectives are summarised in Table 4-10. 
Table 4-10: Summary of All Research Qualitative Findings 




observed through the 
research process with very 
minor conflicting ideas. 
The main project life cycle 
models being: 
 Four phase 
 Six Phase 
 Eight Phase 
Exposed to four-phase and 
eight-phase project life 
cycle models 
The research questionnaire 
was developed in line with 
the four-phase project life 
cycle model which is 
utilised mainly for small 
projects within the chosen 
research environment 
Project Phases The naming convention 
was observed to be 
different from one source 
to another; however, in 
essence there is also 
alignment in terms of the 
objectives for the different 
project phases. 
The four phases observed 
by the participant for the 
projects evaluated were 
namely: 
 Feasibility Phase 
 Basic Development 
Phase 
 Execution Phase 
 Start-up Phase 
The questionnaire was 
developed in line with the 
phases utilised within the 
selected research 
environment, namely: 
 Concept Phase 
 Planning Phase 
 Execution phase 










observed in terms of 
critical resources for 
projects. New ideas that 
conflict the idea of critical 
resources, however, are 
developing and are gaining 
support within research. 
The following resources 
were identified as critical 







  Business 
Resources 
 Sponsor Resources 
The research questionnaire 
was developed with four 
main resource groups, in 
order to align to the research 
environment, these 
resources were namely: 
 Project Management 
Resources 
 Technical Resources 
  Business Resources 
 Sponsor Resources 
Deliverables Alignment on key 
deliverables for the 
different phases. This is a 
subject that is well 
documented and 




gatekeepers specific to 
deliverables for different 







The phase deliverables 
were clearly defined for 
the projects as they were 
directly influenced by the 
organisational governance 
and requirements. 
An extensive list of 
deliverables was obtained 
from the 53 research 
questionnaires received 
from the respondents. There 
was alignment in terms of 
the feedback obtained. The 
feedback as extremely 




Area of Review Other Research Methods Participant Observations Research Questionnaires 
Level of Effort Level of effort is shown in 
literature as an indication 
but without detail required 
for front-end loading. 
The organisational 
guideline, experience and 
observation on previous 
projects were utilised in 
define the level of effort 
for the projects considered. 
The research questionnaire 
provided extremely valuable 
information on the detail 
required to develop the level 
of effort models. The 
information from the 
different respondents was 
aligned. 
 
All the quantitative findings from the research process are summarised in Figure 4-8 and 
Table 4-11 which provide the recommended figures to be utilised in defining the level of 
effort for the four critical resource groups in project management for the simplistic four-
phase project life cycle model. The model and how it will add value in the front-end 
loading of projects and towards the body of knowledge will be explained in detail in 
Section 4.5. 
 
Figure 4-8: Research Proposed Model: Level of Effort Graph 
 
Concept Planning Execution Delivery
Technical 50% 45% 30% 30%
Project Management 20% 35% 45% 35%
Sponsor 15% 10% 10% 10%



















Proposed Model for Level of Effort for Project Resources  
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Concept 20% 20% 40% 50% 10% 15% 10% 15% 
Planning 16% 35% 50% 45% 10% 10% 30% 10% 
Execution 40% 45% 15% 30% 5% 15% 10% 10% 
Delivery 20% 35% 5% 30% 25% 25% 45% 10% 
 
The comparison of the original hypothesis to the proposed model based on the research 
process undertaken for this research project indicates a very small margin in terms of the 
values indicated for the level of effort for the four critical resources from concept to 
delivery phase. 
This clearly indicates there was more alignment rather than conflict between the hypothesis 
detailed in Section 3.4 of this dissertation, with the exception of a few values as indicated 
in Table 4-11 above. 
4.4 Another Engineering Model 
The use of a model as a tool within the technical environment is not a new phenomenon 
and has been adopted and utilised extensively within the petro-chemical industry. A 
common tool utilised within the mechanical engineering fraternity, including organisations 
such as Sasol, is the pump and performance curves used in industry to give detail on the 
performance of a pump.  
This model is included in the dissertation as a good example of how a simple model such 
as the pump curves model is being utilised within the engineering industry. The section 
serves to provide some background on how this model works as a foundation before the 
proposed level of effort model is explained in detail in Section 4.5. 
These curves are used during design activities for pump selection and for fault finding on 
running pumping systems. Figure 4-9 gives a theoretical illustration of what is commonly 




Figure 4-9: Engineering Model: Theoretical Pump Curves Model 
Adapted from: Grundfos Research Technology, c.2014, p. 56 
 
These theoretical curves are developed to give more detail in terms of the pump 
performance for every pump before it is supplied to the market. These curves are then 
termed pump performance curves and will entail the following information on a particular 
pump as per in-service tests conducted before entry into the market: 
 Head (H) 
 Flowrate (Q) 
 Power Consumption (P) 
 Pump Efficiency (η) 
 Net Positive Suction Head(NPSH) 
Figure 4-10 gives an indication on how this information can be read from a particular 
pump performance pump curve. Table 4-12 gives a summary of the information read from 







Figure 4-10: Typical Pump Curves for Centrifugal Pump 
Adapted from: Grundfos Research Technology, c.2014, p. 30 
 
Table 4-12: Pump Information Obtained from Performance Curve 
Description Value Value 
Head 42 m 
Power Consumption 10 kW 
Pump Efficiency 85% 




As seen in Appendix 11 this information can vary significantly depending on the shape of 
impeller. An example of how the pump curves are issued in industry with a pump (KSB 
pump) on delivery to the end user is also attached in Appendix 11. 
The pump curves clearly indicate the benefits of a model that can be used in industry, as 
these curves are used in projects during detailed engineering of pumping systems, during 
analysis or fault finding on pump performance during normal operation and other 
situations. The final model that will be defined in Section 5 of this dissertation as per the 
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research objective will function as highlight in this section in providing a measure of the 
deliverables, level of effort and the resources required per phase for small projects. 
4.5 Proposed Level of Effort Model 
Before concluding this chapter that primarily focused on the data and results from the 
different research processes, it is critical to ensure that the proposed model on the level of 
effort is illustrated, articulated and documented well. This is imperative as it will not only 
ensure alignment in the understanding of the proposed model but also ensure the value 
addition is realised in industry by engineers and project managers that will utilise the 
proposed model for the front-end loading required for small projects within the petro-
chemical industry in South Africa. 
A detailed summary of the level of effort, resources, deliverables and the project life cycle 
phases as given on the schematic of the model is given in Appendix 12, and can be utilised 
once a good understanding of the model has been achieved. The information to be 
presented in this section of the dissertation will provide a more detailed explanation of the 
model; however, the explanation or details will be provided as per the four-phase project 
life cycle model. 
It is advisable to highlight to anyone willing to utilise the level of effort model of the type 
of project the model can be used for in defining the deliverables, level of effort and 
resources types required during front-end loading. These boundaries are: 
 Projects that are technical in nature. 
 Projects that are defined as having a medium to low complexity. 
 Projects with a project schedule not longer than 36 months. 
 Projects with a budget less than 50 million rand. 
4.5.1 Level of Effort Model: Concept Phase 
In terms of the level of effort model, the concept phase is the phase when a project is 
identified and issued to a particular resource for planning. This resource does not 
necessarily have to be the resource that will execute, manage or report on the project. At 




As the model is defined for technical projects from the model given in Appendix 12, the 
recommended level of effort for the technical resource is highlighted to peak at a 
maximum of 50%. The model was developed to be dynamic across the project life cycle 
phases; however, the model does not show variation or change in terms of the level of 
effort required from the start of the particular phase to the end of the particular phase. 
In other words the model clearly recommends planning for a constant level of effort of 
50% for the technical resource, 20% for the project resource and 15% for the sponsor and 
another 15% for the business resource. It does not provide guidance in terms of the ramp 
up or ramp down rate for the particular resource. 
The model allows for a plan in terms of resource effort level that is dynamic at a higher 
level, the requirement to develop the level of effort ramp up or ramp down rate was 
believed to be a requirement for more complex and larger projects as this can have an 
impact on a large pool of resources. 
In the model’s definition or recommendation in terms of the level of effort required for the 
critical resources, it was also extremely important for the model to give guidance over and 
above the legal requirements and the particular organisational requirements of the 
deliverables that should be actioned and completed within a particular project phase. In 
essence once the model has specified the level of effort for a particular resource, at a 
particular phase; it goes further and defines what these resources need to deliver in order to 
move from one phase to another. 
The model therefore provides recommendations as follows: 
 Plan for a maximum level of effort of 50% for technical resources to focus on the 
following deliverables: 
o Technical Justification 
o  Feasibility Study 
o Registration of modification 
o Concept Design 
o And others as per the proposed list of deliverables given in the model 
 Plan for a maximum level of effort of 20% for project management resources to focus 
on the following deliverables: 
o Develop a level one project schedule. 
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o Manage interfaces between disciplines. 
o And others as per the proposed list of deliverables given in the model. 
 Plan for a maximum level of effort of 15% for sponsor resources to focus on the 
following deliverables: 
o Evaluate the need for the project. 
o Provide funding for the concept phase of the project. 
o And others as per the proposed list of deliverables given in the model. 
 Plan for a maximum level of effort of 15% for business resources to focus on the 
following deliverables: 
o Develop the business case for the project. 
o Evaluate the concept design and the technology selection. 
o Inform the rest of the business on the project progress. 
4.5.2 Level of Effort Model: Planning Phase 
The second phase of the project life cycle model as proposed by the level of effort model is 
the planning phase and sometimes referred to as the definition phase of the project. 
According to the model proposed this section will follow after the concept phase; however, 
as indicated on the model the deliverables from one phase to another do not overlap. The 
deliverables do build on each other but they do not overlap. 
Thus it is critical to note that the deliverables noted per resource under the concept phase 
will need to be completed and signed off before official completion of the concept phase of 
the project can be acknowledged. The model, however, does not limit when the 
deliverables need to be completed, a resource can therefore work on the planning phase 
deliverables while the project is still in concept phase, provided the prescribed pre-
requisite deliverables have been completed. 
As highlighted in Section 4.5.1 the model does not provide detail on the ramp up or ramp 
down rates, but provides a recommendation in terms of the maximum level of effort that 
will be required from the particular resource. In the planning phase the technical resource 
level of effort reduces from 50% to 45%, the level of effort for both the sponsor and 
business resource reduces from 15% to 10% and lastly the project management resource 
increases up to 35%. 
The model therefore provides recommendations as follows: 
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 Plan for a maximum level of effort of 45% for technical resources to focus on the 
following deliverables: 
o Updated project schedule for the technical scope. 
o Engineering studies, such as RAM, HAZOP. 
o Basic Design. 
o And others as per the proposed list of deliverables given in the model. 
 Plan for a maximum level of effort of 35% for project management resources to focus 
on the following deliverables: 
o Develop a level three project schedule. 
o Apply for project execution phase funds. 
o And others as per the proposed list of deliverables given in the model. 
 Plan for a maximum level of effort of 10% for sponsor resources to focus on the 
following deliverables: 
o Approval of project scope and schedule. 
o Provide funding for the planning phase of the project. 
o And others as per the proposed list of deliverables given in the model. 
 Plan for a maximum level of effort of 10% for business resources to focus on the 
following deliverables: 
o Provide input to the design base. 
o Evaluate the basic design and the technology selection. 
o Participate in engineering studies such as HAZOP and RAM. 
4.5.3 Level of Effort Model: Execution Phase 
The next phase after the planning phase is generally accepted and known in industry and 
literature as the execution phase of the project life cycle model. It was indicated clearly 
early in the dissertation that the level of effort model would not include the resources 
required for the physical construction, fabrication or installation of the project. The 
resources are limited to the technical, sponsor, business and project management resources 
and the model should be utilised taking note of this critical point. 
As highlighted for the planning phase the deliverables that are specified per resource for 
the execution phase need to be concluded before the project can officially move from the 
execution phase to the delivery phase. The level of effort required from the resources again 
changes as the model is dynamic and considers the different requirements for each 
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resource at different phases. The technical, project management, sponsor and business 
resources maximum level of effort recommended changes are as follows: 45% to 30%, 
35% to 45%, remains constant at 10% and lastly from 10% to 15% respectively 
The model therefore provides recommendations as follows: 
 Technical resources to focus on the following deliverables: 
o Detailed Design 
o  Tender Evaluation 
o Pre-commissioning reports 
o And others as per the proposed list of deliverables given in the model 
 Project management resources to focus on the following deliverables: 
o Develop a level four project schedule. 
o Approval of milestone payments. 
o Managing and reporting on project triangle. 
o And others as per the proposed list of deliverables given in the model. 
 Sponsor resources to focus on the following deliverables: 
o Ensure project governance. 
o Hold the project manager accountable for project triangle. 
o And others as per the proposed list of deliverables given in the model. 
 Business resources to focus on the following deliverables: 
o Develop operating procedures. 
o Participate in design reviews. 
o Commissioning process. 
4.5.4 Level of Effort Model: Delivery Phase 
The final phase as per the level of effort model is called the delivery phase but is also 
known in industry as the closure or hand-over phase. The official completion of this phase 
and the required deliverables are generally managed more strictly in industry. Once the 
project has officially passed this phase the project team has handed over the project and is 





At completion of this phase the project stops being a project and becomes part of normal 
operation. In this phase the detailed analysis required to determine whether the project was 
a success or failure is also concluded. The change in the level of effort for the project 
management, sponsor, business and technical resources changes as follows, 45% to 35%, 
constant at 10%, 15% to 25% and constant at 30% respectively for the resources. 
The model therefore provides recommendations as follows: 
 Technical resources to focus on the following deliverables: 
o Review and sign-off on end-of-job documentation. 
o  Close-out change management process. 
o And others as per the proposed list of deliverables given in the model. 
 Project management resources to focus on the following deliverables: 
o Final reports for the project. 
o Manage the project triangle. 
o And others as per the proposed list of deliverables given in the model. 
 Sponsor resources to focus on the following deliverables: 
o Review final project reports. 
o Provide approval to commission the project. 
o And others as per the proposed list of deliverables given in the model. 
 Business resources to focus on the following deliverables: 
o Commission and operate new system or plant. 
o Assess the impact of the project on the business. 
4.6 Conclusion 
In this chapter, multiple sources of data were utilised in defining a model that can be 
utilised to define the level of effort required per resource at different phases of the project. 
The data was categorised mainly into three categories for the purpose of the data analysis. 
The three main categories were: 
 Data from previous projects observed by the participant. 
 Data obtained from the research questionnaires. 
 Concepts and literature noted from the literature review process. 
The main areas of evaluation during the research process are summarised below: 
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 The different types of project life cycles. 
 The different types of project phases. 
 The critical deliverables at different phases of the project. 
 The key resource types for the project. 
 The level of effort required per resource at different phases of the project. 
In evaluating these areas the information was mainly aligned to the hypothesis, literature 
reviewed and the research process undertaken for the project. The areas of alignment were 
mainly on the project life cycles, project phases and deliverables per phase. 
The definition of key resources was not totally aligned to the hypothesis and literature as 
the hypothesis provided four main resources and literature highlighted multiple ideas 
which vary from the project manager being the only critical resources to a list similar but 
longer to that specified in the hypothesis for critical resources. In terms of the research 
questionnaires, the participants were not requested to give input on the critical resources as 
the questionnaire was developed based on four critical resources as defined in the 
hypothesis. The feedback received from the questionnaire, however, did not conflict with 
this idea as resource loading feedback was aligned to the resources defined in the 
hypothesis. 
The research questionnaires were circulated to a significant group that included 
respondents both internal and external to Sasol. The feedback was based on project detail 
provided from mainly technical projects. Specifically 89% of the projects were technical, 
68% of which were of a medium complexity. Three-quarters of the projects that feedback 
was provided for were completed within a period of 24 to 36 months, half of which had a 
total project budget of less than 50 million rand. This is important to highlight for the 
research findings as it is in line with the research objective of developing a model for small 
projects which are generally defined in industry in terms of project complexity, budget and 
schedule. 
Similarities and areas of misalignment were highlighted in tabular form in detailing the 
summary of the investigations for the following key research requirements: 
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 Project life cycles observed and utilised. 
 The definition and associated understanding of project phases. 
 Critical resources as defined in industry and literature for projects. 
 Key deliverables defined at different project phases. 
 The definition and understanding of the concept defined as the level of effort. 
Both in industry and in the literature reviewed, the areas of alignment were well 
documented and understood except the concept of level of effort, which is not well 
documented or understood. Thus the need for this research project which focused on 
further defining the concept of level of effort and obtaining research data as discussed in 
Chapter 3 which was utilised in this section after detailed data analysis to further develop 
the definition of the concept and the magnitude of effort required from four critical 
resources based on industry experience from the numerous research participants. After the 
analysis and evaluation of the numerous streams of information, a schematic representation 
of the information is provided in Figure 4-11, which clearly provides a representation of 
the level of effort required per resource as per the deliverables required for the phase per 
particular resource. This model was developed based on the limited feedback based on 
small projects within the petro-chemical industry in South Africa. 
The response from the questionnaires, at 44% should not be concerning as multiple 
methods of research were utilised and the responses were well aligned towards the values 
given in the final model. In conclusion, based on the extensive research process undertaken 
for the research project the concept of level of effort has been addressed and highlighted in 
the detailed model indicated in Appendix 12. The benefits, further developments and 
contributions of this model are discussed in the next chapter. 
It was, however, very encouraging to note the alignment or how small the variances were 
for the proposed level of effort measures obtained from the research questionnaire 
feedback versus the original hypothesis level of effort measures as indicated earlier in this 
section. In essence there was clear alignment between the hypothesis and the feedback 





Figure 4-11: Level of Effort Graph  
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The proposed level of effort model is therefore a tool that can be used in industry by 


























is alignment in terms of understanding the information shown on the model as depicted in 
Appendix 12, the limitations of the tool were discussed earlier in the section, one of the 
limitations being that the proposed model does not provide an indication of the required 
ramp up or ramp down rate in terms of the level of effort for a particular resource from the 
start of the phase to the end of the particular phase. The proposed level of effort model 
provides a recommendation on the maximum level of effort required for a particular 
resource at a particular phase to ensure completion of the critical deliverables. Legal and 
governance requirements have not been included on the model as no guidance should be 
provided in terms of organisational governance or legal requirements as these requirements 
are generally well documented in legislature and company policies. The assumption is 
legal and internal organisational governance is always the foundation to any project front-
end loading. The deliverables specified do not include specific governance requirements 
that may vary from one organisation to another. However, these deliverables are 
mandatory to officially move from one phase to another in terms of the level of effort 
model. 
The model clearly can benefit and provide a guideline that is dynamic from one phase to 
another in terms of specifying or planning the required level of effort for project resources. 
The deliverables specified in the model are not all-inclusive but rather are critical 
deliverables for the particular resources which can assist with front-end loading on projects 
within the petrol chemical industry that are technical in nature, have a complexity that is 
not greater than medium, with an end-of-job budget of not more than 50 million and finally 
a project schedule not longer than 36 months. 
The use of schematics or graphs to extrapolate or obtain information based on a constant in 
industry has been used and continues to be used extremely well in the engineering 
environment. An example of a pump curve discussed earlier in this section clearly proves a 
graphical model can be utilised with much success in industry. Therefore the use of the 
model to define the level of effort and the deliverables required for a project can add value 





Conclusion and Recommendations 
5.1 Introduction 
This section of the dissertation will provide a summary of the conclusions from the 
research processes followed for the research project, namely: 
 Literature reviewed 
 Participant observation feedback 
 Research questionnaires feedback 
The information obtained from the numerous research processes was analysed and 
evaluated in Chapter 4 of the dissertation. The conclusions from the data analysed will also 
be presented as a summary to the research project in this section. The final model to be 
proposed to scholars and industry for managing critical resources on small projects within 
the petro-chemical industry and the associated level of effort at the different phases of the 
project life cycle will also be presented in this chapter. 
In conclusion, the recommendations will also be included in this section which will be 
presented in this chapter to ensure that the knowledge base is further developed by others 
in the future. The recommendations will be provide in two sections, firstly 
recommendations based on the learning observed from the current research project and 
lastly recommendations for future studies. 
5.2 Conclusions 
A large number of small projects are executed annually by numerous organisations within 
the petro-chemical industry, these projects vary from changes in organisational structures, 
information technology changes, construction, manufacturing and procurement of 
equipment or creation of new organisations to state a few. The management of these 
projects is critical as organisations typically define the scope, quality, schedule and cost for 
these projects based on future earnings, profitability, clients and organisational growth 




The successful execution of these projects is therefore crucial for many organisations and 
continues to become even more crucial as organisations that have developed systems to 
manage projects successfully tend to be in a position to sustain themselves into the future 
and have a competitive advantage over their competitors. 
This research investigated the current systems, models, ideologies and tools currently 
utilised and documented specifically for small projects. Small projects are often seen as 
noncritical mainly because of the end-of-job budget allocated to the project and the impact 
each project has on the organisation. However, small projects as a whole for most 
organisations utilise a substantial budget and have the potential to impact the profitability 
or sustainability of an organisation in the very long term. 
The research has defined the different project life cycles model and their associated project 
phases, specifically those that have been adopted by other researchers and project 
managers in industry. The project phase deliverables were also extensively researched in 
order to understand and define the activities required from the various resources in order to 
complete the project. 
The resources or stakeholders involved in the project at different project phases were 
defined based on literature, industry research and case studies. The focus was mainly on 
defining the resources and understanding the level of effort required from the different 
resources at the different phases of the project life cycle. 
The concept of level of effort was not extensively documented in literature as most of the 
literature evaluated only provided a high-level definition of the concept. The graphs and 
models provided in literature did not provide sufficient detail but rather an indication of 
how dynamic this measure is during project execution. During the research process this 
concept of level of effort was defined for various resources and a guideline provide by the 
the International Community of Project Managers. 
It was clear the reason why this concept has not been documented or investigated 
extensively in industry or literature was mainly because many organisations and scholars 
prefer to focus on defining resources more quantitatively rather than providing a 
combination model on resources. The tools recommended for quantitative resource 




In order to obtain data from industry regarding the hypothesis, questionnaires were 
circulated to a pool of 120 participants within the petro-chemical industry and processed, 
analysed and presented into mathematical graphs that were compared against the research 
hypothesis. 
The focus of this research was primarily to define the hypothesis that states that the level of 
effort for critical project resources varies significantly depending on the phases of the 
project life cycle for small projects as defined earlier in the research. The hypothesis was 
defined or illustrated by means of graphs that were tested against the research data and 
literature. 
The opposing or conflicting literature that was evaluated was also discussed and areas of 
future investigation will be highlighted for scholars to test and research at a later stage, in 
this section. 
The contribution of the research project is a model that defines the level of effort for 
resources at different project life cycle phases based on the deliverables required per phase 
which can later be utilised in industry for effective and efficient resource management on 
small projects, as given in Figure 5-1 on page 108. 
The model alone as provided in Figure 5-1 on page 108 is not sufficient as a conclusion 
The method by which the tool or model is to be utilised in defining the deliverables and 
maximum level of effort required for each phase of the project life cycle during front-end 
loading of the project is extremely important. The researcher has therefore defined, step by 
step, how the information provided in the model is to be interpreted. The utilisation of a 
graphical model is not a new thing but as with the pump performance graphs illustrated in 
Chapter 4, the LOE Model can be adopted in industry provided it is provided with a clear 
method statement or guideline that will ensure successful utilisation of the information. 
The LOE model is intended to be utilised for small projects within the petro-chemical 
industry that meet the following criteria: 
 Projects with no more than a medium complexity interpretation. 
 Projects with a project schedule not longer than 36 months. 






Figure 5-1: Level of Effort Graph  
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Once a project is assumed to be within the margins of a small project the model can be 
utilised to develop a plan in terms of the level of effort per resource as noted in Table 5-2. 














Concept 20% 50% 15% 15% 
Planning 35% 45% 10% 10% 
Execution 45% 30% 15% 10% 
Delivery 35% 30% 25% 10% 
 
The detailed model given in Appendix 12 provides detail into the key deliverables per 
resource per phase. For example, the following are defined as the key deliverables for the 
project management resources for the concept phase: 
 Develop level 1 project schedule. 
 Develop a potential deviation analysis. 
 Develop a resource plan. 
 Ensure all the governance documentation is completed as per schedule. 
 Manage interfaces between different disciplines. 
In the example highlighted above from the model, 20% of the effort required from the 
resources at concept phase will be focused on project management deliverables as given in 
the list above, or defined in another way, 20% effort is required from the project 
management resource to ensure completion of the deliverables given above. 
The proposed level of effort employs terminology that is utilised with the project 
management environment. Therefore before the proposed level of effort model can be 
utilised, some aspects of the model were discussed in Chapter 4, such as understanding and 
ensuring alignment in terms of the project life cycle phases, and what type of work is 




The limitations of the model were also discussed as the level of effort model does not offer 
a resource ramp up or ramp down rate. The model allows one to plan for the maximum 
level of effort required per resource type. The model is dynamic in that the level of effort 
changes from one phase to another, however the level of effort ramp up or ramp down rate 
within a particular phase is not defined as this was believed to be a requirement for more 
complex and larger projects. 
The model provides a recommendation in terms of the maximum level of effort that is 
required for a particular resource at a particular phase to ensure completion of the critical 
deliverables. The deliverables specified do not include legal or governance requirements 
that may vary from one organisation to another. However, they are mandatory to officially 
move from one phase to another in terms of the level of effort model. The researcher’s 
assumption was that legal and internal organisational governance requirements are always 
the foundation to any project’s front-end loading process. As highlighted earlier in the 
dissertation, it was also critical to reinforce that the proposed model does not provide input 
or guidance in terms of the level of effort required from resources that are required for 
construction, fabrication or installation activities. The level of effort guideline is limited to 
the technical, project management, sponsor and business resources for the four phases of 
the project life cycle model. 
The proposed level of effort model as discussed earlier does not provide an all-inclusive 
list of deliverables but rather a summary of critical deliverables and puts more emphasis on 
the dynamic nature of the level of effort required from the four critical resource types from 
one phase to another. Extensive research is available and documented in terms of the 
deliverables required per project phase. Many organisations have very detailed procedures 
that provide guidelines in terms of the deliverables required per phase. However, there was 
a significant gap both in industry and literature pertaining to the concept of level of effort. 
The concept of level of effort, the nature of the level of effort, and recommendations as 
documented in this dissertation will provide value in this particular field of knowledge. 
The information presented in the research in terms of the definitions and methodology that 
can be utilised in the definition of the level of effort is sound and well referenced. The 
model, however, being qualitative and quantitative, can be explored further by undertaking 
a more extensive quantitative view or also considering expanding the research site to other 
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industries and not limiting the projects to be considered by type, complexity, schedule or 
budget constraints. 
In concluding the research project dissertation, it is important to confirm that the research 
questions and objectives were addressed as highlighted at the definition of the research 
project. The research objectives and questions as seen earlier in Chapters 1 and 2 are 
related. The model given in Figure 5-1 and in detail in Appendix 12 addresses the first and 
the third research questions which focused on how to present the changes in the level of 
effort for different resources at different phases of a project. The proposed level of effort 
model and the values associated with the level of effort per resource answer these 
questions and third objective defined for the research project. 
The second question of the research project primary questioned validity and alignment in 
terms of current literature and research data obtained specifically on the level of effort, 
project phases, project deliverables and project resources. As discussed earlier in Chapter 
4, a detailed summary of the areas of alignment and misalignment were indicated and it 
was clear that there is much alignment or similarity both in literature and the research site 
on the areas investigated during the research process. 
The first two objectives of the research mainly concerned the definition and review of a 
hypothesis which would be evaluated against the literature and research data that was 
obtained for the research site. Chapters 3 and 4 provide extensive detail on the hypothesis 
defined, the null hypothesis and the evaluation of the hypothesis against research feedback 
from questionnaire, literature reviewed and the participant observation. The areas of 
alignment between the hypothesis and the research data were significant with very minimal 
concern in terms of the detail in the original hypothesis that was presented with the 
research project. 
The research project as defined in this dissertation report has addressed the areas of 
investigation as initially planned. The research has yielded good results and model that has 
the potential to contribute positively to the literature and the industry.  
5.3 Contribution of this Research 
The research project can contribute to the literature data base for future scholars and 
provide a tool to industry for the front-end loading on projects. Previous research 
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conducted regarding the concept of level of effort was very limited and this research 
project will add to the body of knowledge. 
Research conducted previously provided a qualitative graph for the level of effort as given 
in Chapter 2 but the graph provided no indication in terms of magnitude. It merely 
provided a schematic interpretation of a dynamic curve that changes with the project 
phases based on the resources required at different phases, referred to by other scholars as 
level of involvement. This research project has given more detail in quantifying the 
variance in level of effort for different resources across the project life cycle. 
This research project therefore has contributed a set of quantitative mathematical graphs 
with qualitative information on critical resources and key deliverables for small-sized 
projects within the petro-chemical industry in South Africa. The model will assist in 
defining a dynamic project team, which will increase or decrease in size for different 
phases of the project life cycle. Section 2.9 of the dissertation also provides a guideline that 
a project manager or engineer can utilise in testing these graphs or developing a level of 
effort for different resources required in projects. 
Such a tool can assist in giving organisations, engineering and project management firms 
the opportunity to effectively utilise the resource pool available to the company on various 
projects, and it can further be utilised as an optimisation tool for skills required at different 
phases of the project life cycle on multiple projects. 
5.4 Recommendations 
The model that has been developed and detailed in Appendix 12 can be utilised by 
engineers or project managers managing small projects within the petro-chemical industry 
at conceptual phase of a project. The model can be used at conceptual phase for projects to 
assist with defining or understanding the following better: 
 Budget estimate for resources required on projects. 
 Resource planning across multiple projects. 
 Highlighting concerns on resources overloaded. 
 Project scheduling or planning synchronised to resource availability. 
 Defining key deliverables. 
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The model should, however, be utilised with a safety margin or correction factor as the 
model is generic in its nature, proposal is to utilise a correction factors as defined in the 
Table 5-3 when defining the level of effort per resource. The correction factors were 
calculated based on the various marginal differences noted from the quantitative 
information obtained from the research questionnaires. These correction factors were also 
defined based on the researcher’s understanding of the marginal differences in the 
information and experience within the project management environment. 
Table 5-3: Recommended Correction Factor per Project Phase 






The research project was very specific in defining the model as a model to be utilised 
within the petro-chemical industry on small projects. However, the model can be utilised in 
other industries with caution but would recommend the model be developed further to 
include medium- and large-scale projects. The next section will provide more detail into 
future studies recommended specifically after completion of this research project that other 
scholars can consider for study. 
5.5 Recommendation for Future Studies 
The research project was conducted as a quantitative research project specifically focused 
on small projects within the petro-chemical industry. After developing the model for the 
level of effort for key resources at different phases of the project life cycle, the following 
list of recommendations should be considered for future studies: 
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 Develop the model produced from this research project further by undertaking a more 
extensive quantitative research method. 
 Develop the model further to include projects in other industries and for medium- and 
large-scale projects. 
 Evaluate the concept of critical resources in project management further to understand 
further the types of resources that can be defined as critical. 
 Explore the conflicting ideology that states project life cycle models should be dynamic 
and specific to a project rather than defined as per the current focus of the four, six and 
eight phase project life cycles. 
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APPENDIX 2: DETAILED PROJECT DELIVERABLES 
 











APPENDIX 3: LEVEL OF EFFORT FOR COMPLEX PROJECTS 
 
 




APPENDIX 4: CONSENT LETTER 
UNIVERSITY OF KwaZULU-NATAL 
Leadership Centre 
 
Master in Commerce: Leadership Studies 
Researcher: Mfundo Verby (079 496 2882) 




I…………………………………………………………………………(full names of participant) hereby 
confirm that I understand the contents of this document and the nature of the research project, and I 
consent to participating in the research project. I understand that I am at liberty to withdraw from the 
project at any time, should I so desire. 
 
 
________________________________   ________________________________ 




HSSREC Research Office Contact Details: 
Prem Mohun 
Research Office: Govan Mbeki Building  
Tel 031 2604557 




APPENDIX 5: REQUEST FOR RESEARCH LETTER 
UNIVERSITY OF KwaZULU-NATAL 
Leadership Centre 
 
Master in Commerce: Leadership Studies 
Researcher: Mfundo Verby (079 496 2882) 
Supervisor: Dhanesh Rampersad (078 801 3411) 
Subject: Request to Perform Research 
I, Mfundo Verby, a Master’s student at the University of KwaZulu-Natal hereby request 
approval to conduct quantitative research within your department or organisation. My 
research project is entitled “Critical Resource Loading for Small Projects within the petro-
chemical industry”. The aim of this study is to assess and evaluate the resource effort level 
required during the different phases of a project life cycle specifically for small projects. 
Your participation in this survey will enable me to further develop the quantitative graphs 
on the resource effort levels for deliverables required for the different project phases. 
Participation in the research is voluntary. You may refuse to participate from the project at 
any time with no negative consequences. There will be no monetary gain from 
participating in this survey group. 
The confidentiality and anonymity of the information and responses received will be 
maintained by me and the University of Kwa-Zulu Natal. You can contact me or my 
Supervisor should you have any questions or concerns about circulation of the 
questionnaire within your department or organisation for the purpose of my research. 
Completion of the questionnaire should not take more than 20 minutes. Kindly confirm 
approval. 
Thank you for your time. 





APPENDIX 6: RESEARCH QUESTIONNAIRE 
Research Questionnaire 
Research Questionnaire: Critical Resource Loading for Small Projects within the Petro-
Chemical Industry during Different Phases of the Project. 
Compiled by: Mfundo Verby 
Email: Mfundo.verby@sasol.com 
Date: April 2014 
Information: 
This questionnaire is required for information gathering for a Master in Commerce 
dissertation. 
Completing the questionnaire should not take more than 20 minutes. 
The objective of the dissertation will be to define the minimum resources, deliverables and 
level of effort per resource requirements for a small-sized project. 
Your participation is voluntary, confidentiality and anonymity will be maintained. 
Please tick blocks that are relevant for one project you participated in, directly or 
indirectly. 
1. Project Type 
Technical Nontechnical other 
   
 
2. Project Complexity 
Low Medium High 




3. Project Tax Bracket 
Maintenance Renewal  Capital 
   
 
4. Project Budget 
Below 50 Million 
Rands 
Between 50.1 and 
99 Million Rands 
Between 100 and 
199 Million Rands 
Above 200 
Million Rands 
    
 
5. Project Schedule 
Less than 12 
months 
Between 12 and 24 
months 
Between 25 and 36 
months 
More than 37 
months 
    
 
6. Schedule 
Please update the table below to give an indication of the schedule per phase for the project 
 Concept 
 
Planning Project  Execution 
 
Delivery  
Time Taken per 
Phase 
(Months/days/years) 





core Noncore Other 
   
 








 Technical Resource (Electrical/Mechanical/Instrument/Civil/Process/Control 
Engineering) 
Single Discipline Multidiscipline If Multidiscipline State 
Disciplines Below: 
   
 
10. Project Management Resources 
Direct Report No Direct Report If Have Direct Reports 
State The Resource 
Below: 




11. Sponsor Resources 
Single Resource Multiple Resources If Multiple Resources 
state below: 
   
 
12. Business Resources 
Single Resource Multiple Resources If Multiple Resources 
state below: 
   
 
13. Technical Resource 
Please list the deliverables that were required from the technical resources for the different 
phases 


















































14. Project Management Resource 
 
Please list the deliverables that were required from the project management resources for 
the different phases 
























































15. Sponsor Resource 
 
Please list the deliverables that were required from the sponsor resources for the different 
phases 
 


















































16. Business Resource 
 








































17. Resource Loading: Total Hours 
Please list the number of hours that were required per resource type for the different 
phases. (Estimation within plus/minus 10% accuracy) 
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18. Resource Loading: Percentage 
Notes: 
Please indicate in terms of percentage the resource allocation for the different resources at 
different phases, for example: For project definition phase: 30% Technical, 30% project 
management, 20% Sponsor and 20% Business in terms of the resource hours utilised at a 
particular project phase. Please ensure the sum per project phase is 100% 


























19. Man-hour Raw Data Available 




List the risk that affected the project and discuss how you managed these risks to ensure 
completion within schedule, scope and cost. Either discuss what was sacrificed Schedule, 








21. Project Success 
Would you say the project was a success? 























APPENDIX 9: DATA FROM PARTICIPANT OBSERVATIONS 
 







Technical Business Sponsor 
Initiation 20% 25% 40% 15% 
Planning 30% 40% 20% 10% 
Execution 45% 25% 20% 10% 
Closure 35% 15% 40% 10% 
          







Technical Business Sponsor 
Initiation 17% 46% 15% 22% 
Planning 15% 65% 5% 15% 
Execution 55% 35% 5% 5% 
Closure 45% 25% 25% 5% 
          







Technical Business Sponsor 
Initiation 15% 50% 10% 25% 
Planning 25% 35% 15% 25% 
Execution 60% 15% 20% 5% 













Technical Business Sponsor 
Initiation 20% 35% 25% 20% 
Planning 35% 35% 10% 20% 
Execution 45% 20% 25% 10% 
Closure 30% 20% 40% 10% 
          
          








Technical Business Sponsor 
Initiation 20% 25% 40% 15% 
Planning 25% 24% 36% 15% 
Execution 55% 15% 10% 20% 






















Technical Business Sponsor 
Initiation 18% 36% 26% 19% 
Planning 26% 40% 17% 17% 
Execution 52% 22% 16% 10% 










APPENDIX 10: DATA FROM RESEARCH QUESTIONNAIRES 
 
Description Project Type 
Technical  47 
Nontechnical 6 
 





Description Project Budget 
Below R50 Million 27 
R50.1 to R99 
Million 15 













Less than 12 
Months 3 
12 to 24 Months 0 
25 to 36 Months 37 
More than 37 
Months 13 
 







Concept 66.85 24.77 4.69 3.68 
Planning 47.46 38.35 8.86 5.33 
Execution 42.65 41.07 6.22 10.06 
Delivery 37.49 31.59 14.08 16.83 
 







Concept 69.89 17.67 7.33 5.11 
Planning 49.78 37.89 6.67 5.67 
Execution 28.78 41.26 15.00 14.97 


















Hours) Average Adjusted 
Concept 18% 18% 24% 20% 20% 
Planning 26% 38% 38% 34% 35% 
Execution 52% 42% 41% 45% 45% 















Hours) Average Adjusted 
Concept 36% 70% 66.32% 57% 50% 
Planning 40% 50% 47.21% 46% 45% 
Execution 22% 29% 42.45% 31% 30% 


















Hours) Average Adjusted 
Concept 26% 5% 3% 12% 10% 
Planning 17% 6% 6% 9% 10% 
Execution 16% 15% 11% 14% 15% 















Hours) Average Adjusted 
Concept 19% 7% 5% 11% 10% 
Planning 17% 7% 9% 11% 10% 
Execution 10% 15% 7% 11% 10% 















Concept 50% 20% 15% 15% 
Planning 45% 35% 10% 10% 
Execution 30% 45% 10% 15% 





APPENDIX 11: PUMP IMPELLER SELECTION MODEL 
 
 
























Concept Planning Execution Delivery
Technical 50% 45% 30% 30%
Project Management 20% 35% 45% 35%
Sponsor 15% 10% 10% 10%


















Level of Effort for Project Resources  
- Feasibility 
Study 




- Scope of work 
- Tender 
evaluation 





















- Basic Design 











- Detailed Design 
- Developing 





- Support in 
ensuring quality 
control measures. 
- Inspections and 










- Review of end-
of-job 
documentation. 
- Updating of 
internal 
documents.  





operation of the 
equipment or 

























- Evaluate the 
need for the 
project. 




- Ensure project 
governance. 
- Provide funding 
for concept phase 
of the project. 





the project team 
and the business. 
- Support and 
address project 
risks. 
- Provide funding 
for the project. 
- Ensure project 
governance. 
- Review the 
project schedule 
and scope of 
work. 
- Ensure project 
governance. 
- Provide funding 
for execution 
phase of the 
project. 






































Concept Planning Execution Delivery
Technical 50% 45% 30% 30%
Project Management 20% 35% 45% 35%
Sponsor 15% 10% 10% 10%


















Level of Effort for Project Resources  
- Develop level 1 
project schedule. 
- Develop a 
Potential Deviation 
Analysis. 
- Develop a resource 
plan. 
- Ensure all the 
governance 
documentation is 
completed as per 
schedule. 
- Manage interfaces 
between different 
disciplines. 
- Develop level 3 
project schedule. 
- Define project 
team 
- Develop project 
critical factors. 
- Ensure the project 
is accommodated in 
the outage/shut-
down plan. 




- Apply for project 
execution phase 
funds. 
- Approval of 
contracts for the 
project. 
- Update project 
schedule (Level 4 
Schedule) 
- Appoint service 
providers and 
contractors for the 
execution scope. 
- Management and 
reporting on project 
triangle. 
- Ensuring all 
required resources 
and equipment is 
available for the 
project. 
- Approval of 
milestone 
payments 
- Site inspections 
and sign-off on 
work completed. 
- Final reports for 
the project. 
- Project close out 
- Gather information 
from project 
resources to provide 
feedback. 





- Develop the 
business case. 
- Evaluate the 
concept design and 
the technology 
selection. 
- Inform the rest of 
the business on the 
project progress. 
- Provide input to 
the design based on 
operational 
requirements. 
- Participate in 
engineering studies 
such as HAZOP 









- Commission and 
operate the new 
product or system. 
- Assessing the 
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CHAPTER 1: INTRODUCTION 1.1 Introduction This research thesis was written as part of the 
requirements for the degree of master in commerce. The research focused on project 
management specifically for small projects, the different project life cycle phases, the 
deliverables per phase, the resources allocated to the project and the level of effort required 
for successful project completion. Many organizations execute numerous projects at any point 
in time; these can range from human resource changes, administrative changes, development 
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of new products, extension of organizations and so forth. Projects can have tangible results or 
intangible results, however what is critical as will be seen in the research later is a project 
needs to have a definite start and finish. The measures that define projects which are utilized 
by many organizations that execute projects are namely, cost, schedule and quality. These 
measures are generally utilized to also define the success or failure of a particular project. The 
span of the research was primarily on small projects within the petro-chemical industry. The 
focus being on a qualitative analysis to understand the adopted project life cycle model, the 
type of resources utilized in projects, the required deliverables during the project life cycle and 
the level of effort required from the resources. In obtaining this insight from numerous project 
engineers and project managers within Sasol Technology, Sasol Synfuels, Sasol South Africa 
Energy and consulting engineering companies that execute projects within the petro-chemical 
industry, the research project aimed to define a qualitative model that would define a project 
life cycle model, the deliverables per phase, the resources and lastly the level of effort 
required per resource at the different project phases. 1.2 Background A large number of 
organisations undertaking large to small scale projects on an annual basis utilise the best skill 
resources in the organisation for evaluation, execution and approval of projects. Different 
project management models or guidelines are being utilised by numerous organisations as 
tools towards justifying the necessary funds for planned and unplanned projects. Sasol as an 
organisation utilizes three models for justifying, evaluating, approving and managing projects 
namely, Business Development and Implementation Model (BD&I); the Joint Venture Model 
(JV) and lastly the Research and Development model (R&D) with the primary focus being on 
governance, managing risk and ensuring that there is alignment within the organisation. These 
models ensure alignment and focus by indicating what work should typically be completed at 
various stages of the project by having “gates” to check that development is proceeding in a 
co-ordinated fashion within all resources and stakeholder groups in the organisation. A recent 
benchmarking evaluation of small projects executed within Sasol highlighted several areas as 
being key to successful project implementation. These key areas were defined as follows: ? 
Good front end loading. ? Better project controls, such as estimating, cost control, scheduling 
and change management. ? More extensive team integration to help with alignment and to 
optimise the project design earlier in the development phase. ? More use of value improving 
practices. 1.2.1 Business Development and Implementation Model The BD&I model given in 
Figure 1, is primarily utilised for most projects in Sasol and defines the project life cycle into 
eight (8) phases instead of the four phases commonly adopted by project managers. This 
model has been utilised by Sasol for numerous project due to the strict governance 
requirements the model requires from the different project tracks, commonly referred to as 
resources in order to move from one phase to another. Figure 1: Business Development & 
Implementation Model Source: Sasol Limited, 2012 1.2.2 Joint Venture Model The Joint 
Venture Model seen in Figure 2 is utilised in projects that Sasol is executing together with 
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other stakeholders and only has seven (7) phases instead of the eight (8) seen in the BD&I 
model. The evaluation and operation phases are combined to allow for a faster hand over 
processes. Figure 2: Joint Venture Model Source: Sasol Limited, 2012 1.2.3 Research and 
Development Model The Research and Development Model is used for projects that are 
specifically implemented for new research or technology at a smaller scale. This model is 
more simplistic with only four phases as seen in Figure 3. The Sasol project management 
models will not form part of the focus for the dissertation however they have been illustrated 
for background purposes as they are heavily utilised within the Sasol environment on 
numerous projects. Figure 3: Research and Development Model Source: Sasol Limited, 2012 
1.3 Motivation for the Study The main motivation for the project was to develop a tool or model 
that young or developing engineers, project engineers and project managers can utilize for 
executing small projects. The aim was to develop a model that is very simplistic in its nature 
and qualitative in that it can be used for guidance rather than as a procedure. The model 
would then aid the project manager in developing multiple resource plans for a number of 
small projects for a number of resources based on the effort required per resource at a 
particular phase of the project. In defining the resources and effort level required per resource 
for projects that are not very strongly governed, the young project manager will be able to see 
potential concerns in terms of resource effort level and therefore the potential impact on the 
successful completion of the projects on schedule, cost and as per the specified quality. 
Furthermore the research was also motivated by the need to understand the perception by the 
participants regarding the perceived required level of effort at the different phases of the 
project from the different project resources. Clearly a serious misalignment in this regard can 
potentially impact the successful completion of a project. 1.4 Focus of the Study The focus of 
the study was to understand the different project life cycle models used for small projects in 
the petro-chemical industry, the resources required, the deliverables required and link 
accordingly to the level of effort required for the different resources. The research undertook 
the analysis by means of literature review, participant observation and research 
questionnaires that were circulated to project engineers and project managers. The research 
was required as resources allocated to small projects are generally shared amongst a group of 
small projects and unrelated day to day activities executed by the associated resources. 1.5 
Research Methodology The two key concepts that were fundamental in this thesis were firstly 
developing a clear hypothesis that would later be developed into a theory and secondly 
present the qualitative feedback from the research questionnaires. The theory would 
encompass numerous hypotheses regarding resource loading and level of effort for small 
projects at different phases of the project life cycle. In order to narrow the research topic to 
add more value to a specific environment or industry the research topic was amended to only 
be specific to small projects within the petro- chemical industry. The analysis would be 
qualitative in its nature and the theoretical graphs that would be developed to define the 
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hypothesis would be tested during the data collection, data analysis and literature review 
phases of the research project. The research process utilised in the qualitative research was 
deductive, empirical cycle in the scientific expansion of knowledge indicated in Figure 4. 
Designing a research strategy Formulate research hypothesis Collecting data Analysis and 
interpretation Figure 4: Cycle for Expansion of Knowledge Adapted from: Welman and Kruger, 
1999, pp.11 The approach to focus on a qualitative research study was based on the need to 
develop a qualitative model which would give an indication of the adopted methods and 
principles in industry. A qualitative model was also more practical as a quantitative model 
would need to be specific to numerous factors for a particular project. The value in a 
quantitative model was not seem as there are numerous computer models that project 
planners can utilize to develop resource plans for projects, which are typically utilized on larger 
projects that have development funds allocated from an early stage. 1.6 Problem Statement 
The key problem with small projects is mainly the volume of these projects within any 
particular organization. Due to the administrative requirements associated with projects. 
Organizations have adopted an approach of defining projects according to size, complexity 
and budget (cost and potential benefits associated). Once projects are categorized according 
to the scale utilized by the organization, which varies from one organization to another as will 
be seen later in the research, small projects are merely left to the appointed project manager 
to plan, execute and close out with very little governance requirements. This of course has the 
potential to allow for a very dynamic, flexible system where projects flourish and organizations 
continue to grow from the numerous products, innovations etc. that are the result of these 
projects. However this does also have the potential of creating an environment that is filled 
with re-occurring project failures, revenue losses and missed opportunities. Sasol Synfuels in 
Secunda budgets annually an estimated five hundred million rands (R500 million) for small 
projects which are generally grouped according to the following criteria: ? Renewal Projects, 
replacement in kind due to technical reasons such as equipment reaching end of life. ? Project 
end of job estimate is below twenty million rands (R20 million). ? Project is repetitive in its 
nature. ? The technical resources required for the replacement are mainly single discipline, i.e. 
Mechanical or Electrical Engineering. ? Project is to be installed and commissioned within 
twenty four (24) to thirty six (36) months from time of initiation. ? Project will not necessarily 
generate significant additional revenue stream; merely restore integrity to continue operations. 
These types of projects are seen in the organization as simple repetitive type projects which 
are generally executed by project engineers, plant technicians and young project managers, 
commonly referred to as tier 5 projects. The tiering system starts with tier 1 projects which are 
Greenfields projects, tier 2 being Brownfields, tier 3 being highly complex and multi- discipline, 
tier 4 being slightly complex multi-discipline projects and lastly tier 5. The success rate of 
these small projects in Sasol has been extremely low and has cost the organization over the 
years due to the following reasons: ? Equipment delivered late for the installation window. The 
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installation window is based on the refinery shut-down plan, which generally means an 
opportunity to replace a piece of equipment comes once every four years. Equipment not 
installed generally means more extensive expensive maintenance on an old unit which has 
reached end of life. ? Equipment that requires expediting the fabrication schedule to allow for 
installation during the installation window which comes at escalated costs. ? Roll-over of 
approved funds due to projects not being on schedule which affects the entire renewal budget 
planning which is generally planned ten (10) years in advance. ? Competence in managing 
projects, contracts, fabrication queries, risk etc. which leads to delays, compensation events 
and equipment that is scrapped due to process, technical or legal concerns. The potential 
future impact due to the above mentioned on the organization’s profit margin is a major threat 
as the Sasol refinery is over 30 years old and a large volume of the equipment on site is due 
for replacement as it has reached its end of life. The organization’s strategy is to continue 
operations up to the year 2050, this clearly means successful completion of simple like for like 
tier 5 projects within the Secunda refinery is critical for sustainable production and profitability 
into the future. The Sasol Synfuels refinery is also seen within the organization as the cash-
cow of the organization and a large number of future tier 1, 2 and 3 projects depend on the 
profitability of Synfuels. The successful execution of small projects to restore the asset base of 
the refinery to ensure sustainable operation up to the year 2050 can potentially affect the 
Sasol group strategy towards the funding of major projects. 1.7 Research Questions The 
research focused on answering three main questions namely: ? What percentage of effort is 
required for the critical resources identified in projects for the activities required at the different 
phases of the project life cycle? ? Is there an alignment or congruency between the current 
literature and research data regarding the resources and percentage of effort required at 
different phases of a project? ? What graphical representation can be utilised to illustrate the 
resources and level of effort required for the activities required at different phases of the 
project? Note: This research does not consider physical resources required for the 
construction of any equipment, product or structure required for the project. 1.8 Research 
Objectives The objectives for the dissertation were summarised as follows: ? Develop a 
hypothesis for the critical resources for a small project from starting to closure phase 
specifically on the level of effort required per phase. Develop these hypotheses into a theory. ? 
Review the hypothesis and theory developed by utilising theoretical data or literature to prove 
the relevance or accuracy of the hypothesis and theory. ? Develop qualitative mathematical 
graphs in terms of percentage of effort (Level of Effort) recommended for the key resources at 
different phases of the project life cycle based on the deliverables per resource and as per the 
project team. 1.9 Limitations of the Study The population group that was analyzed for the 
research is people that are either Sasol employees or consultants that have executed projects 
for Sasol; the research therefore has the potential of giving feedback that is only specific to the 
Sasol environment. Irrespective the respondents do not only have Sasol specific experience, 
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most of the respondents have executed projects outside the Sasol environment. The literature 
review feedback included in the research was also not only specific to the Sasol environment. 
The following limitations are applicable to this research: ? The research only applies to small 
projects within the petro-chemical industry. ? Respondents were project engineers and project 
managers. ? The research is only defined from a qualitative perspective. 1.10 Contribution of 
the Study This research project has contributed a set of qualitative mathematical graphs or 
models for small sized projects within the Petro-Chemical Industry in South Africa, which will 
assist in defining, planning, allocation and utilization of a dynamic project team, which will 
increase or decrease in size for different phases of the project life cycle. Such a tool for project 
managers will allow organisations, engineering and project management firms the opportunity 
to effectively utilise the resource pool available to the company on various projects, and it will 
serve as an optimisation tool for skills required at different phases of the project life cycle. 1.11 
Summary The definition of the project life cycle, the project phases, the deliverables required 
per phase, the resources and level of effort required from project start to completion is critical 
in projects. These concepts are well understand by experienced project managers and are 
governed and managed well for large and medium size projects in many organizations. The 
concept of completing a project on budget, schedule and as per the specified quality is not a 
new one and is well understood in industry, however for small projects in many organizations 
including Sasol it remains a serious concern, as it eludes many project managers in industry. 
Thus the motivation for this thesis was to develop a tool for project engineers, engineers, 
young project managers and plant technicians that are tasked to execute small projects year 
after year. The focus of the research was to define a qualitative model that can be utilized for 
small projects within the petro-chemical industry in South Africa after a qualitative research 
process that also entailed a very extensive literature review. The limitation of the study being 
that it was mainly on Sasol projects. The final contribution to the knowledge base and industry 
being a set of qualitative graphs that will define the level of effort required for the resources 
required throughout the project life cycle for small projects. CHAPTER 2: LITERATURE 
REVIEW 2.1 Introduction The academic literature reviewed or utilised for this dissertation 
included electronic books, journals, websites and books which gave detail on the following: ? 
Definition of the different types of project life cycles and the associated phases of the project 
life cycle. ? Project management knowledge used to define, align, and specify deliverables for 
the different phases of the project management cycle. ? Resource allocation for small projects 
within the petro-chemical industry. ? Level of effort in project management. ? Management of 
projects within organisations. ? Defining qualitative mathematical graphs or models for 
qualitative resource loading. The literature reviewed was specific to ensure the following: ? It 
was organized and related around the research questions. ? Summarised the outputs around 
what is known and what is not known. ? Discussed controversial areas or areas of 
misalignment on the research topic. In ensuring a structured and wide literature review 
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process the following gives an indication of the extent of literature review that was conducted 
for the purpose of this research project: ? Books (including electronic books): 30 ? Journals: 
65 ? Websites: 22 2.2 Project Definition It was critical to define what constitutes a project 
versus normal maintenance or production activities. This section of the dissertation gives 
guidelines and definitions both from literature and industry on projects. The basic definition of 
the word project comes from Latin language where “pro” means forward and “jacere” means 
throw. In simple terms it refers to an event that requires forward planning. A paper from the 
University of Aalborg (Munk-Madsen, c.2005, pp.6-7) gives two definitions of a project namely: 
Definition 1: A project is an organizational unit that solves a unique and complex task. 
Definition 2: A project is an organisational unit where the prime coordinating mechanism is 
mutual adjustment. The project management guide (Project Management Institute, 2000, pp.4) 
gives an interesting definition, ‘a project is a temporary endeavour undertaken to create a 
unique product or service’. The literature definition of a project that was utilised in the research 
is given below as defined by the British Standards Institute (2002, pp.2): A unique set of co-
ordinated activities, with definite starting and finishing points, undertaken by an individual or 
organisation to meet specific objectives within defined schedule, cost and performance 
parameters. The literature that was utilised for research clearly indicates a project to be an 
activity or list of activities driven by change, proactive change rather than ongoing operation or 
number of activities that have as little disruptions as possible. It was also clearly noted from 
the literature that projects are initiated to generate additional revenue for the organisation or 
improve operational efficiencies while maintenance or production activities sustain current or 
marginally improve the current revenue stream. It was thus critical to understand and 
elaborate further on how a project differs from regular maintenance or production activities, for 
example replacement of pumps or vessels as per a maintenance strategy which is defined in 
most refineries as a shut-down or annual outage. A shut-down will have a definite schedule, 
budget and performance parameters and multiple activities; however this is seen in industry as 
regular maintenance rather than a project and follows less stringent governance in terms of 
approvals and execution than any typical project. This dissertation defines a small project on 
the following key parameters that were used to test data received from industry or literature 
before it was utilised with the hypothesis that will be introduced later in the research 
methodology chapter: ? A clearly defined project diamond (Schedule, Cost and Quality 
Performance or Scope). ? Total end of job cost (budget) of not more than one hundred million 
rands (R100 Million). ? A business case motivated by financial, legal, safety or environmental 
improvements. ? A project schedule from concept to hand-over phase equal to or less than 
thirty six (36) months. ? Compliance or clearly defined organisational governance and 
approvals from one phase to another. It is however imperative to accept that certain 
organization will define projects in a manner that could contradict the definitions discussed in 
this section. Irrespective the research definition does cover the majority of key stakeholder 
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definitions of what is termed as a project. 2.3 Project Typology Organizations and scholars 
have adopted and utilized the word project very loosely when referring to work executed within 
a structured manner. However as discussed earlier a project can be clearly defined and key 
parameters should be ticked off when referring to a certain set of activities as a project. 
However this section of the thesis will give insight on the different types of projects executed 
within organizations. Furthermore the size of the project will also be discussed as this does 
have an impact on the governance, interest and management associated with the particular 
project. Previously the classification of projects was based on the size of the change 
associated with the project, minor changes being referred to as alpha projects and major 
changes being called beta projects (Blake, 1978). A more recent study however classified 
projects according to the degree to which the project would change the organization’s product 
portfolio (Wheelwright and Clark, 1992). Further studies have gone into more detail and have 
given insight towards defining the project typology according to four levels of technological 
uncertainty at initial stages and three levels of system scope (Shenhar et al., 1995). This 
approach is shown in Figure 5, where technology is defined from classic to super high and 
project management scope, which entails organizing, controlling resource, managing 
communication between resources etc., is categorized from single unit to a set of projects 
within a project or program. Figure 5: Project Typology (Technology and Scope Variables) 
Adapted from: Slusarczyk and Kuchta, 2011, pp.144 Page 16 This train of though was further 
developed by classifying the nature of technology from high to low, the innovation from 
incremental to radical, and the market from new to existing (Balachandra and Friar, 1997). 
More recent literature however introduced a new project classification tool, termed project 
diamond-shape NTCP based on four dimensions, given below and illustrated on Figure 6 
(Slusarczyk and Kuchta, 2011, pp 145-147): ? Novelty ? Technology ? Complexity ? Pace 
Figure 6: NTCP Diamond Model Adapted from: Slusarczyk and Kuchta, 2011, pp.147 2.4 
Definition of Complexity in Projects The definition of complexity within the project management 
knowledge environment and according to other literature will be evaluated in this section. 
Numerous organizations utilize operational parameters such as budget and size to give an 
indication of the project complexity. Other organizations that see complexity as key in that it 
can influence project governance and success utilize a set of key factors updated into a 
complexity measurement tool to define complexity of different projects. While management 
teams in many organizations strive to define complexity in organizations and projects, 
research relating to Complex Adaptive Systems (CAS) shows complexity to be very dynamic 
and difficult to control or measure. Complexity is always prevalent because all systems are 
complex as there are numerous stakeholders, agents, systems that interface, connect, 
communicate and influence each other within an extremely dynamic environment or 
environments in order to survive, grow, innovate and sustain themselves (Chan, 2001). In 
defining complexity, it is critical to understand not only do we need to define the parameters 
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that influence complexity but also need to understand the level of severity on the complexity 
which makes it difficult to predict certain factors such as outcomes and controls required. The 
accepted definition of project complexity for the research is given as consisting of many varied 
interrelated parts, namely differentiation and interdependency. Differentiation looks at the 
number of varied elements while interdependency considers the degree of interrelatedness 
between elements. Within projects, complexity is defined by two dimensions namely structural 
uncertainty and uncertainty (International Journal of Project Management, 1999, pp.269). 
These concepts are simply defined as follows and shown in Figure 7: ? Structural complexity: 
refers to the project or product complexity, thus the complexity associated with the project or 
product design, sub-systems, components, connections, interactions, construction, 
manufacture, installation and commissioning. ? Uncertainty: refers to how well or not the goals 
and methods are defined for a particular project. Figure 7: Project Complexity Factors Source: 
International Journal of Project Management, 1999, pp.271 Research obtained from the 
International Research Network of Project Management Conference (2009) indicates that 
project managers identify the following aspects as directly contributing to the complexity of a 
project: ? Goals ? Stakeholders ? Interfaces ? Dependencies ? Technology ? Management 
process ? Work practices ? Time The impact of complexity on the research questions and 
objectives was evident from literature reviewed and had to be defined explicitly in order to 
ensure the qualitative feedback and analysis could be restricted to projects that have a similar 
or equal complexity measure or perceived complexity. Figure 8: Degree of Complexity for 
Simple, Complicated and Complex Projects Source: International Project Management 
Association, 2013, pp.17 The relationship between complexity and level of effort is shown very 
well in Figure 8, the effort required from management, engineering and other disciplines will 
increase as the complexity of a project increases. The figure shows a qualitative relationship 
as it does not indicate the magnitude in complexity or management effort level. However 
understanding the relationship is critical and has been considered in the hypothesis of this 
research thesis. Small projects can also be as important as large projects to an organisation in 
that they can have a significant impact to the plant or organisation’s profitability should they 
not be executed successfully. Specifically because many small projects take place in 
operating plants. What compounds the importance of small projects further is organisations 
can execute numerous small projects compared to the limited number of large projects 
executed or approved in a particular period. 2.5 Project Management In defining the different 
aspects that are critical in projects, it is also imperative to understand what the term project 
management means and what are the associated responsibilities or roles associated with 
project management. This section of the thesis will give insight on how this concept has been 
summarized in literature. Project management is not a simple concept where an individual’s or 
groups of individuals’ activities constitute management of a project and later the success of a 
particular project. Project management needs to be seen in a very holistic manner. Project 
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management success factors are directly influenced by the following (Crooke-Davis, 2002, 
pp.186): ? Adequacy of organizational knowledge on risk management in projects. ? Maturity 
of the organization in assigning ownership to risks. ? The organization’s ability to maintaining 
up to date and visible risk registers. ? Accuracy and commitment to maintaining 
documentation with organizational responsibilities on projects. ? Ensuring project phase 
durations is no longer than 3 years. ? Ensuring scope changes are governed through a 
controlled process. ? Maintaining the integrity of performance measurement baseline. ? 
Existence of mutual co-operation between project management and line management. ? 
Portfolio and program management practices that allow the organization to resource fully 
projects that thoughtfully and dynamically matched to the organizational strategy and 
objectives. ? A suite of project and portfolio metrics that provide line of sight feedback on 
current and future project key performance indicators, a balanced score card for projects and 
corporate success. Figure 9: Importance of project and operations management alignment 
Source: Crooke-Davies, 2002, pp.187 Figure 9 above give a pictorial indication of the 
relationship between project management, operations management and the corporate 
strategy, thus the success of the project will directly impact operations and the long term 
strategy and organizational sustainability. The qualities of the project management team or 
project manager are not discussed but are intended as the quality of human interactions in 
projects are critical and in essence it is the people that count, the people that develop the 
systems discussed and the people that make things happen. 2.6 Project Phases In order to 
manage projects more effectively and to ensure better control, organisations in industry tend 
to divide projects into different phases. These phases are defined as a project life cycle when 
considered collectively. The phases are however defined or marked based on the 
deliverables. These deliverables are tangible, verifiable work such as feasibility package, 
detailed package or a final product. The end of a phase is marked by hand-over and review of 
the required deliverables for that particular phase. PMBOK (Project Management Institute, 
2000, pp.11) refers to these phase-end reviews as phase exits, stage gates or kill points. 
Therefore the project life cycle will define the scope that needs to be completed per project 
phase and give an indication on the resources involved in each phase. The project life cycle 
does however need to be more extensively defined in order to provide structure and 
consistency, most project life cycle descriptions have common ground. Projects globally as 
seen in research are generally managed according to the four phase project life cycle. This is 
a very simplistic approach towards projects, as given in Figure 10. Figure 10: Four Phase 
Project Life Cycle Adapted from: Archibald, Di Filippo and Di Filippo, c.2011, pp.5 The four 
phase project life cycle has been further developed as seen in Figure 11 and 12 to a six phase 
project life cycle. The six phase project life cycle includes two additional phases namely, 
Feasibility and Post-Project Evaluation. This Project life cycle allows for a more structured 
approach for review and investigation of projects post closure and pre-starting of the project. 
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There are numerous benefits that have been documented regarding this approach. Figure 11: 
Six Phase SCADA Project Life Cycle Adapted from: Mohamed and Mohamed, 2012, pp. 159 
Figure 12: Six Phase project life cycle Adapted from: Archibald, Di Filippo and Di Filippo, 
c.2011, pp.8 More recent literature regarding project management life cycle however gives 
some indication of intermediate steps as seen in Figure 13, between phases which allow for 
project definition, detailed planning, monitoring and implementation review. This approach can 
also be considered in defining a four phase project life cycle. Sasol Limited has adopted this 
approach, however Sasol has developed this project life cycle to the seven (7) gates of the 
BD&I model discussed earlier in the thesis. Figure 13: The four phase project life cycle 
Source: Westland, 2006, pp.4 The simplistic four phase project management life cycle will be 
utilised for the purpose of this thesis because for small project it has been adopted and utilised 
by numerous researchers and project managers in industry. 2.7 Project Phase Deliverables 
Once the project phases have been defined for the particular project, definition of the 
deliverables and schedule needs to be finalised. This is however at a very high level rather 
than at activity level which is detail that is finalised during detailed planning. Deliverables are 
defined as the work or product located at the end of a hierarchy of activities. The deliverables 
can be actual equipment, plants, products or structures; however they can also be abstract 
such as audits, systems or change processes, irrespective the final project deliverable is 
generally defined by the project client. The project management book of knowledge gives a 
very simplistic generic cycle which serves specifically to indicate that cost and staffing levels 
will be low when project start, increase gradually and drop rapidly towards completion of the 
project, also seen in Figure 14. Figure 14: Total Resource Effort Level for Project Phases 
Adapted from: Slevin and Pinto, 1987, pp. 34 Figure 15 on the next page gives slightly 
descriptive graphical overview of a project life cycle with the respective activities. This 
schematic is a conceptual depiction of the hypothesis proposed by this research and was 
extensively used during the research process, as some of the activities defined in the 
schematic require a certain effort level from various resources. Figure 15: Effort Level for a 
Project Life Cycle Adapted from: Abdou, c.2012, pp. 23 In understanding the project life cycle 
phases and the project deliverables, it is critical to clearly indicate the level of effort while also 
mapping the project progress in terms of the project scope completed. Figure 16 gives a 
simplistic illustration of the percentage of work completed for the project at the different project 
phase gates. This graph is not to be mistaken with the level of effort required from the 
numerous resources as discussed early, the effort levels start low, increase during stage two 
(2) and three (3) then later decrease rapidly during the final stage. Figure 16: Project Life 
Cycle Stages Source: Project Management Institute, 2000, pp.15 The key deliverables 
required for the four phase project life cycle are also given in the following figures, Figure 17, 
18, 19 and 20 from project initiation or start phase to the project closure phase respectively. 
These deliverables will be categorised according to the resource that is accountable for the 
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deliverable and further research evaluated on the resource effort or magnitude required per 
deliverable. Figure 17: Project Initiation Activities Adapted from: Westland, 2006, pp.5 Figure 
18: Project planning activities Adapted from: Westland, 2006, pp.7 Figure 19: Project 
Management Execution Activities Adapted from: Westland, 2006, pp.11 Figure 20: Project 
Closure Activities Adapted from: Westland, 2006, pp.14 2.8 Project Phase Resources 
Westland (2006, pp. 8) highlights that the next action after developing a project plan is to 
define the resource plan which is not only limited to individuals but will include the following: ? 
Type and quantity of resources required. ? Roles, responsibilities and skill-sets of all human 
resources required. ? Specification of all resource equipment required. ? Type and quantity of 
all material resources required. Project resources are referred to as project stakeholders 
according to the PMBOK (Project Management Institute, 2000, pp.11), which can be 
individuals or organisations that are actively involved in the project and can exert influence 
over the project and its results. These stakeholders need to be identified and their 
requirements clearly defined for each project. The key stakeholders as defined in PMBOK are 
namely, with their simplified responsibilities: ? Project Manager: responsible to manage the 
project. ? Customer: individual or organization that will utilise the project’s product. ? 
Performing Organization: organisation whose employees are mostly doing the work of the 
project. ? Project Team Members: group of people doing the work of the project. ? Sponsor: 
individual or group providing financial resources for the project. Literature by Abdou (c.2012, 
pp.17) is in agreement and also refers to the sponsor, project manager, customer, performing 
organisation and project team members as the stakeholders required for every project. Sasol 
(Sasol Limited, 2012) defines the project stakeholder into four main resources, namely: ? 
Technical ? Business ? Project Management ? Sponsor These are very similar to those 
adopted by PMBOK; however this naming of resources is primarily for individuals and 
organisations to be aware of their responsibilities; however stakeholder roles and 
responsibilities may also overlap depending on the project, environment and other factors. 
Page 30 The project resources to be considered in the scope of this research projects were 
limited to the following group of skills: ? Technical Resource: o All engineering disciplines 
resources. ? Business Resource: o Business Analysts. o Financial officers. o Management in 
the organisation to assist with review and approval of documents according to the necessary 
governance. o Steering committees. o Employees to compile supporting documents, fund 
application and business cases. o Operate the system or product. ? Project management 
Resource: o Project managers o Site supervisors o Safety Officers o Cost controllers o 
Document controllers o Commercial officers o Planners/Schedulers ? Sponsor Resource: o 
Management personnel to support and give guidance to the project with regards to resources, 
governance and schedule compliance. o Employee to draft documents as required from the 
sponsor according to the governance. In defining the resources for the project life cycle, key 
issues to be considered are as follows: ? The type of work and the size of the team. ? The 
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match between the job and the resource. ? The experience of the resources. ? The leaders in 
the project team. Page 31 The scope will not include defining the resources required for the 
physical construction activities required; only engineering, project management, business and 
sponsor resources will be considered. The following two figures seen in Figure 21 and 22 
qualitatively indicate the relationship between time, scope and resources within projects. In the 
hypothesis this relationship will also be considered in defining the level of effort required from 
resources over the project duration or schedule. Figure 21: Variation in Scope, Time and 
Resource Impact Source: Lynch, 2003, pp.7 Figure 22: Trade-off between Resources, Scope 
and Time in Projects Source: Lynch, 2003, pp.8 Page 32 Organisations are forced to prioritise 
on a large number of small projects due to limited project, engineering, business 
representatives and other resources within organisations. It is very crucial for an organisation 
to know when these resources need to be moved between projects as projects progress 
through their life cycle in ensuring the efficiency of resources. Resource allocation is more of a 
challenge is smaller projects mainly due to the changing priorities, difficulty in obtaining 
commitment from other parts of the organisation to provide resources and sharing of a fixed 
pool of resources. In small projects as discussed in literature (Westney, 1992, pp. 77) it is 
generally assumed that the number of resources in each category or resource track is 
constant over the duration of the activity. Research has been done previously in this area 
where resource allocation is done utilising sophisticated computer systems. What has been 
revealed is when project resources are considered, there are sharp peaks in the resource 
requirement that can exceed the availability. When reviewing resource histogram over the 
project life cycle, specifically on resource consumption, Frame (1995, pp.191) states that 
resources will gear up at the early stages of the project, when few resources are employed, 
when the project reaches the middle the resources will start moving full steam ahead and at 
the end of the cycle the resources will wind down. 2.9 Level of Effort The term level of effort 
(LOE) in project management is referred to as a support-type project activity that needs to be 
done to support other work activities or the entire project effort. LOE activity is therefore an 
activity that supports completion of work. The word level of effort is thus utilized to define the 
amount of work performance within a time and is measured in staff days or staff hours per 
day, week or month (Wikipedia, 2014). The estimation of the level of effort is one of the key 
responsibilities of the project manager. The Project Management Body of Knowledge defines 
Level of Effort as a support type activity and gives a more detailed definition as follows 
(Project Management Institute, 2000, pp. 202): Support-type activity (e.g., vendor or customer 
liaison) that does not readily lend itself to measure of discrete accomplishment. It is generally 
characterised by a uniform rate of activity over a period of time determined by the activities it 
supports. Simplistically defined it refers to the specific and quantifiable count and measure of 
definable labor units that is defined to be required in the attempts to arrive at the completion of 
a phase of a particular project schedule (Project Management Knowledge, 2014). Research 
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regarding the level of effort gives additional insight when estimating the level of effort for a 
project, which needs to be completed before cost and schedule estimation is performed. The 
following ten steps can be utilized to determine effort hours (The International Community of 
Project Managers, 2014): 1. Understand the accuracy required from the estimate. 2. Utilize 
one estimating technique (Analogy, prior history etc.) to define the initial estimate. 3. Factor 
the effort hours based on the resources available. (Optional step) 4. Include for specialist and 
part time resources. 5. Add the time required for rework. (Optional step) 6. Include time 
required for project management, rule of thumb 15% of total hours should be allocated to 
project management. 7. Add hours for contingency or risk associated with the estimate. 8. 
Calculate the total effort. 9. Review the information, assumption, calculations and results and 
adjust where necessary. 10. Document all the assumptions at that point in time. 2.10 Project 
Success Factors The analysis and definition of different models to execute projects all comes 
back to the benefits of implementing a project successfully. This section will focus on the 
concept of project success rather than project management success which is mainly 
associated with traditional measurements of performance against cost, time and quality 
(Cooke-Davies, 2002, pp. 185) Project success refers to the measures to which the project 
success or failure will be measured. This concept is referred to in literature as the critical 
success factors for a project; it is the inputs that directly or indirectly lead to project success. 
Literature by Pinto and Slevin identified a list of ten project success factors (Turner and Muller, 
2005, pp.56) as seen in Table 2 below. Table 1: Project Success Factors Source: Turner and 
Muller, 2005, pp.56 2.11 Opposing Literature 2.11.1 Project Phases The project life cycle for 
projects within the petro-chemical industry is sometimes seen as two phased rather than the 
traditional four phase project life cycle. A paper dated January 2011 (Selaru, 2012, pp.276-
277) states that projects are typically seen in two phases namely: ? Development Phase which 
has a deliverable of a Basic Engineering Package. ? Implementation Phase which includes 
detailed engineering, procurement, and construction. The definition of the phases in this 
manner allows for easier allocation of contracts such as EPC (Engineering Procurement and 
Construction) and EPCM (Engineering Procurement Construction Management) which are 
very popular contracting strategies within the petro-chemical industry. Westney (1992, pp.9) 
highlighted the need for treating small projects differently to the conventional approach 
discussed earlier in the research. He highlighted that any project management technique 
could be adopted provided it could allow the following: ? Allow one to handle many projects at 
once. ? Be used effectively without training or previous experience. ? Cope with short 
schedules. ? Simplify organisational interfaces. ? Handle complexities of work in an operating 
plant. ? Provide a basis to accumulate data (cost and schedule information) for future projects. 
? Improve the multiple project managers’ capabilities regarding key responsibilities for 
projects. In evaluating what other project life cycle models could be utilised for small projects 
(Archibald, Di Filippo and Di Filippo c.2011, pp. 5-6) also argues that the project life cycle 
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needs to be more specific, thus could include up to ten (10) or more phases. Literature 
indicates there are predictive and adaptive project life models that have been developed and 
can be utilised as they are more specific to the type of project. Predictive models being more 
focused on optimization rather than adaptability, whereas the adaptive models, as seen in 
Figure 23, accept and embrace change during the planning or development process of the 
project life cycle. Figure 23: Adaptive Project Life Cycle for New Product Launch Source: 
Archibald, Di Filippo and Di Filippo, c.2011, pp. 6 A project management project life cycle 
defined by Westney (1992, pp. 50) in managing projects is give in Figure 24 below which does 
not necessarily define phases but rather key milestones for planning or executing a small 
project. This is commonly referred to in industry as the three phase project cycle. Start 
Preliminary Design Complete Construction Start Up Finish Preliminary Design Complete Plan 
and Cost Estimate Start Construction Project Approval Figure 24: Small Project Life Cycle 
Source: Westney, 1992, pp.50 Other scholars (Frame, 1995, pp.7) have defined the project 
life cycle or projects as having beginnings, middle periods and endings, this may seem 
simplistic but it is not trivial when considering management of projects. Milton (2005, pp.34) 
defines a five(5) phased project life which is defined specifically for the oil industry, figure 25 
below gives some detail of the proposed project life cycle. Appraise Select Define Execute 
Figure 25: Oil Industry Stage Gate Framework Source: Milton, 2005, pp.34 2.11.2 Project 
Resources Operate Most literature gives an indication on the resources required to execute 
projects at the different phases, however Frame (1995, pp.84-85) states that resources should 
be defined in such a way that it will facilitate the effective management of projects, in other 
words structure to enhance team efficiency rather than to suit a particular project management 
model. A structure that leads to exceptional performance for one project can fail dismally for 
another project. The role of the project manager is what is seen as critical as the project 
manager needs to have competencies in the following areas: ? Scope, time and cost 
management. ? Human resource management. ? Risk and quality management. ? Contract 
and communication management. 2.12 Summary Extensive research and theoretic literature 
has been documented on many project management concepts. The information obtained from 
the literature review was extremely valuable and is directly linked to research questions and 
objectives. A large volume of the information is in agreement or aligned however there are 
scholars and researchers that have expressed alternative concepts which were also reviewed 
in this section. In summary to this chapter the key concepts that influenced the research 
project will be discussed in brief in this section of the report. The definition of what entails a 
project was critical and was clearly discussed and the final definition adopted for this research 
was based on the British Standards Institute definition, summarized as follows, a project 
defined as a set of coordinated activities with a definite start and finish with objectives 
centered around completing the activities on cost, schedule and as per the specified quality. 
Once the definition of a project was finalized, research to understand how the types of projects 
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are defined or rather project typology was also critical for the research as it does influence 
other factors within the project structure. The literature indicates that two main models have 
been adopted regarding project typology. The first which defines typology on two concepts; 
namely nature of technology and project management scope. The second model defines 
typology based on four concepts, namely nature of technology, project management scope, 
novelty and lastly pace. The complexity of organizations which execute projects and the 
complexity of projects were evaluated; this area of research was found to have extremely 
conflicting concepts as there are currently two schools of thought. The first being that all 
systems, projects included, are complex adaptive systems that are always changing, and their 
complexity cannot be managed or measured easily, thus managing complex adaptive systems 
in a certain manner does not guarantee an outcome. The second school of thought states 
complexity can be measured and managed accordingly to ensure project success. The 
measure of complexity is then based on structural uncertainty and certainty. Understanding 
the complexity of a particular project is critical as research has also show that complexity does 
directly influence the effort level required from the resources allocated and associated with the 
project. Literature around project management, project life cycles, project phases and project 
deliverables has been adopted very well in industry and there are numerous books and 
research completed on the topic. The literature evaluated for this thesis clearly highlighted an 
agreement on the four phase project life cycle which entails the following phases: ? Project 
Start/Initiation ? Project Definition/Planning ? Project Execution ? Project Closure However 
more recent literature gives insight on project life cycles that included additional phases which 
have been confirmed to be beneficial specifically during the early stages of the project and 
towards the end of the project. The six phase project life cycle discussed in the literature 
review included for two additional phases, namely incubation or feasibility phase which is pre 
the project start phase. The other additional phase is post project closure which is termed post 
project evaluation phase. The six phase model was also further developed to an eight phase 
model which is utilized by organizations that execute large projects, typically brown or green 
field projects. This model allows two additional phases, one phase pre execution and another 
post execution. Once the literature regarding project life cycle model was addressed, the next 
critical concept was the deliverables and resources defined or required as per the different 
models. The literature reviewed provides some insight on the key deliverables and the 
resources but this concept has not been well evaluated by scholars and remains subject to 
numerous factors that are specific to a particular project. However there is common ground on 
the generic resources and deliverables required for a project to move from one phase to 
another and finally in defining the project as complete or closed out. The concept of level of 
effort as seen in literature is quite a recent concept with evidence of the first definition by the 
Project Management Body of Knowledge in the year 2000, where the term was defined as a 
support activity that is measureable and is categorized by a uniform rate of activity over a 
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period of time. More recent literature defines this term in line with the research objectives as a 
quantifiable count and measure of definable labor units that is defined to be required in the 
attempts to arrive at the completion of a phase of a particular project schedule. Calculating or 
defining the level of effort for the project is critical for this research project and literature by 
The International Community of Project Managers (2014) gives a ten step guide which will 
also be used later in the research process. In conclusion, literature was also reviewed to 
define the term project success and what constitutes as failure or success in projects, thus the 
concept of project success factors was investigated. Recent literature defines clearly the 
difference between project management success and project success, Turner and Muller 
(2005) defined critical project success factors in a very comprehensive table indicated in the 
literature reviewed. CHAPTER 3: RESEARCH METHODOLOGY 3.1 Introduction This chapter 
of the thesis provides detail on the research design and research methodology utilized for the 
research process. The qualitative research method was adopted for this research as it proved 
to be more beneficial especially as the aim of the research is to define a generic tool that can 
be utilized for different scenarios. Detailed insight will be given in this section on the key 
factors that were defined and investigated before the research process could be undertaken. 
These factors included but were not limited to defining the following: ? detailed hypothesis ? 
null hypothesis ? research framework ? relevant qualitative research methods ? the size of the 
research target group ? the methods used to collect data ? method used to analyze 
information ? research questionnaire utilized for the research process 3.2 Research Design 
The research design was developed to allow the research process to ensure the research 
questions and objectives defined in Chapter 1 are successfully answered or achieved 
respectively. The choice of the approach as previously discussed was determined by the 
nature of the research problem statement. In order to allow for information that tends to vary 
significantly per organisation, project and project manager to be analysed and defined into a 
model that can be used for a large number of projects as a qualitative model, while 
maintaining confidentiality and anonymity the qualitative approach was considered. The 
research design entailed the following: ? Literature evaluation, which entailed evaluating the 
concepts and theories that have been researched and accepted globally regarding the project 
life cycle phases, resources, deliverables and the level of effort required from the resources 
throughout the project life cycle. ? Information gathering, focused on obtaining data from 
project engineers, engineers and project managers from Sasol Synfuels, Sasol Technology, 
Sasol South Africa Energy and engineering firms/consultants that have completed small 
projects successfully. ? Defining a detailed hypothesis based on experience, participant 
observations, literature and case studies. ? Data Analysis, which entailed a detailed analysis 
of the literature reviewed, feedback from questionnaires, input from participant observation 
notes and qualitative analysis of the data sourced from various participants. 3.3 Research 
Questions The research questions as defined in Chapter 1 of this research thesis were 
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defined prior to the research methodology being finalised. These questions were utilised in 
order to ensure alignment towards the research objectives during development of the research 
questionnaire, as discussed later in section 3.5.4. The research questions are summarised as 
follows: ? What percentage of effort is required for the critical resources identified in projects 
for the activities required at the different phases of the project life cycle? ? Is there an 
alignment or congruency between the current literature and research data regarding the 
resources and percentage of effort required at different phases of a project? ? What graphical 
representation can be utilised to illustrate the resources and percentage of effort required for 
the activities required at different phases of the project? Note: This research does not consider 
physical resources required for the construction of any equipment, product or structure 
required for the project. 3.4 Hypothesis In defining the research hypothesis, the research 
questions had to be clear and then translated into a hypothesis that states a relationship 
between two or more variables in one (or more) population(s). Hypothesis Statement It is 
hypothesised that the level of effort (percentage of effort) of critical project resources will vary 
significantly depending on the phases of the project life cycle for small sized projects, the four 
key resource tracks being namely, Technical, Business, Project Management and Sponsor 
resources. Null Hypotheses There are no critical resource tracks in the management of small 
projects and the level of effort (percentage of effort) for the project resources are not 
dependent on the deliverables or the phases of the project life cycle but rather other internal 
and external factors. Detailed Hypothesis There are four critical resource tracks in projects, 
namely technical, business, project management and sponsor resources. The level of effort for 
each of these resources is dynamic and changes as the project moves from one phase to 
another of the four phase project life cycle. The resource track level of effort increases and 
decrease mainly due to the deliverables (scope, governance requirements, accountability, 
responsibility, cost, schedule, safety, and quality) required during the particular phases of the 
project life cycle. Figures 26, 27, 28, 29 and 30 give a graphical hypothesis prior to the 
qualitative research that will be conducted for the research project. The graphs indicate the 
level of effort per resource from project initiation to project completion. The project life cycle is 
defined from zero percent (0%) to one hundred percent (100%). The four phase project life 
cycle is utilised therefore the project life cycle is divided into four phases as follows: ? Project 
Start/Initiation: 0% to 25% of project completion. ? Project Definition/Planning: 25% to 50% of 
project completion. ? Project Execution: 50% to 75% of project completion. ? Project Closure: 
75% to 100% of project completion. It is critical that the graphs are interpreted with the 
understanding of the different phases and percentage of the project completed, as defined 
above. The detailed hypothesis graphs for the level of effort required per phase for the four 
different resource types are given in Appendix One. 45 40 35 Level of Effort (%) 30 25 20 15 
10 5 0 Project Management Resources: Level of Effort 0 10 20 30 40 50 60 70 80 90 100 
Project Completion (%) Figure 26: Level of Effort Hypothesis for Project Management 
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Resources Technical Resources: Level of Effort 60 50 40 Level of Effort 30 20 10 0 0 10 20 30 
40 50 60 70 80 90 100 Project Completion (%) Figure 27: Level of Effort Hypothesis for 
Technical Resources 50 45 40 35 Level of Effort 30 25 20 15 10 5 0 Sponsor Resources: 
Level of Effort 0 10 20 30 40 50 60 70 80 90 100 Project Completion (%) Figure 28: Level of 
Effort Hypothesis for Sponsor Resources Page 46 Business Resources: Level of Effort 30 25 
Level of Effort 20 15 10 5 0 0 10 20 30 40 50 60 70 80 90 100 Project Completion (%) Figure 
29: Level of Effort Hypothesis for Business Resources 60 50 Level of Effort 40 30 20 10 0 All 
Project Resources: Level of Effort 0 10 20 30 40 50 60 70 80 90 100 Project Completion (%) 
Project Management Resources Sponsor Resources Figure 30: Level of Effort Hypothesis for 
All Project Resources Technical Resources Business Resources The approach of testing 
counter hypothesis currently available in literature or industry will not be considered for this 
dissertation but can be considered by future scholars. 3.5 Research Methodology 3.5.1 
Qualitative Method Qualitative research is simply defined by Nigatu (2009, pp.5) as developing 
concepts that assist in understanding phenomena in natural settings which give emphasis to 
the participants views and experiences. There are numerous methods commonly utilised in 
qualitative research, which are namely: ? Phenomenology ? Ethnography ? Inductive 
Thematic Analysis ? Historical research ? Grounded Theory ? Case study ? Participant 
observation ? Unstructured and in-depth interviews ? Narrative Analysis ? Focus groups ? 
Mixed Methods ? Combining qualitative and quantitative This dissertation however only 
focused on four key methods, namely, historical research, case study, structured interviews 
(questionnaires) and lastly participant observation in obtaining information that will be used in 
evaluating the hypothesis and developing the proposed qualitative model. One of the critical 
issues relating to qualitative research is to maintain good ethics in that confidentiality and 
consent must be addressed and ensured before and during the research process. 3.5.2 
Historical Research Historical research was used to add value in evaluating the hypothesis 
defined in the thesis, the primary sources of historical data were sourced and utilised in 
defining and refining the hypothesis as discussed in detail in Chapter 2. In qualitative analysis, 
it was critical to utilise primary rather than secondary sources and this was fundamental in 
evaluating the relevance of the information from secondary sources as it can be inadvertently 
or deliberately distorted and influence the research findings. 3.5.3 Case Study A detailed 
analysis of Sasol as an organisation that manages numerous small projects within the petro-
chemical industry formed the basis for the case study section of the dissertation. Focus being 
on the resources utilised at different phases of the project life cycle which was used to gather 
data that was used in reviewing the qualitative graphs developed as the hypothesis. The pool 
of projects considered was limited to the following criteria: ? Small technical projects within the 
Secunda Refinery Complex. ? Small scale projects being managed by Sasol technology and 
engineering consultants only within South Africa. 3.5.4 Research Questionnaires The 
questionnaire given in Appendix Six was circulated within the Sasol group of companies to 
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project managers, project engineers and to various engineering and project management firms 
for feedback. The information received was used to develop qualitative graphs that were used 
to test the hypothesis developed earlier in the research. The questionnaire was structured to 
ensure that information regarding key areas of the research would be tested while also 
ensuring that it was linked to the research questions and objectives. Questionnaire: Part 1 
Questions 1 to 9 were structure to get insight on the project size (magnitude), typology, 
complexity and strategic importance. These questions were utilised in the research to ensure 
that projects that are similar in nature, size, complexity and strategic importance are grouped 
and reviewed as a group in order to draw a mean that is accurate based on the project 
typology as defined in the research. Questionnaire: Part 2 Questions 10 to 13 were utilised to 
get information on the types of resources involved in the project and the magnitude of the 
resources involved in the project. Questionnaire: Part 3 Questions 14 to 17 focused on 
gathering information on the activities and/or deliverables that were completed during the four 
phases of the project life cycle by the four different resource types for the particular project. 
Questionnaire: Part 4 Questions 18, 19 and 20 were structured to obtain qualitative and 
quantitative feedback from the respondents on the amount of hours or level of effort required 
per resource for the four different resource types for the four phases of the project life cycle. 
Questionnaire: Part 5 The last set of questions, namely question 21 and 22 we included to 
understand if external factors or risks influenced the project during the project life cycle and 
how this was managed and lastly if the project was considered a success. The minimum 
number of questionnaires considered for both internal and external distribution, external to 
Sasol, was fifty (50). 3.5.5 Participant Observation Participant observation as a qualitative 
method was also utilised and provided very valuable information towards refining the research 
hypothesis. As the researcher was also a participant in the Sasol Synfuels Projects 
Department. The extensive period, at the time of this research was declared to be ten (10) 
years of experience, the researcher has worked as a project engineer within the power utility 
and petro-chemical industry in South Africa made it possible for the inclusion of this tool in the 
research methodology. Information from archived projects and from previous project 
managers that the participant had worked with regarding the level of effort, man-hours and the 
distribution of the man-hours was also represented in a graphical model which was used to 
define the research hypothesis on the level of effort and the different project life cycle models. 
This information and the interpretation there of will be discussed extensively in Chapter 4 of 
the thesis. In undertaking qualitative research it is clear that the researcher cannot be totally 
detached from the research process even when desired, it is impossible. Instead of seeing this 
as a concern it has been identified in this research project as a benefit and will be utilised as 
unstructured information under the participant observation qualitative method. This idea is also 
referred to in literature as reflexivity. Reflexivity is defined by Horsburgh (2003, pp.308) as the 
active knowledge or understanding by the researcher that their actions and decisions will 
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inevitably impact upon the meaning and context of the experience under investigation. 
Therefore the researcher realizes and accepts that they are an integral part of the world being 
investigated, thus neutrality or objectivity regarding the data collection, analysis and 
interpretation is not possible. 3.6 Research Site The research site for the thesis was limited to 
the researcher’s ability to access what many organisations consider to be confidential 
information, namely the resource loading at different phases of the project. Project 
management and engineering consulting firms also consider this information to be of strategic 
importance as organisations that execute projects successfully with the optimal number of 
resources can be more profitable than one that does not use its resources efficiently. However 
due to the volume of small projects executed within the different business units or companies 
within Sasol, the availability of information internally was not a concern. The following Sasol 
business units formed part of the research site: ? Sasol Synfuels, located in Secunda 
Mpumalanga. The site consists of two power stations and refineries on the same site. The site 
employees more than 15 000 people. In terms of production, the site produces eight hundred 
(800) megawatts of electricity and imports six hundred (600) megawatts of electricity 
continuously in order to produce 7.4 million tons of numerous types of products ranging from 
petrol to fertilizers per annum. The average annual budget for small projects within Synfuels is 
five hundred million rands (R500 million). ? Sasol Technology, located both in Secunda 
Mpumalanga and Rosebank Gauteng. This Sasol business unit is focused on developing new 
technologies for Sasol and executing projects for the Sasol group internationally in countries 
such as Mozambique, Nigeria, Canada and the United States of America to name a few. ? 
Sasol South Africa based in Randburg, Alberton and Germiston in Gauteng focuses on retail 
and wholesale business in South Africa. The projects related to the construction of retail sites 
and commercial sites are managed within this business unit. Two consulting organisations that 
provide project management and engineering services also formed part of the research site for 
the thesis. The names of the organisations will not be disclosed as anonymity was guaranteed 
when gate keeper approval was requested. The two consulting firms however render a service 
to the Sasol group. The research site was also limited to projects executed within the 
boundaries of South Africa. 3.7 Description of Participant Group Defining the participant group 
and the sample size for a research project is a very important step as it is neither practical nor 
effective to strive to study an entire population group. Many researchers therefore have 
previously opted for random samples. In terms of sample size many researchers believed that 
the larger the sample size the better the research feedback as the sampling error was 
assumed to decrease with size. However more recent literature shows that there benefit of a 
large sample size does not surpass the benefits associated with defining an optimum sample 
and key parameters that are important to the sample group. An optimum sample is defined by 
Marshall (1996) as one that adequately answers the research question(s). Literature 
(Marshall, 1996, pp 523) shows that there are mainly three sample strategies namely, 
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convenience, judgement and theoretical samples. Convenience sample is many focused on 
the ease of access to the participants; this technique can be the least rigorous and can lead to 
poor results. This method is generally seen as not credible or representative. The judgement 
sample is commonly utilised by researchers as the researcher selects the most productive 
sample to respond to the research questionnaire. This sampling method can be very 
informative but the research needs to be well informed on the research topic to ensure this 
sampling method is well utilised to allow valuable feedback from the research process. The 
theoretical sampling method requires an iterative process in that it entails the building of 
interpretative theories from the data received and later elaborating on theories built. Therefore 
participants will be selected or defined based on their ability to provide relevant data on the 
area or subject under research. Analysis of the feedback from the research questionnaires or 
interviews will also give guidance in the future sample group, this approach is part of 
theoretical sampling (Horsburgh, 2003, pp.311). The qualitative sampling method utilised for 
this research was a combination of judgment sampling and theoretical sampling. The 
participant group was not restricted by gender, race or age as many qualitative research 
studies which generally focus on a specific group. The specific group for this research was 
restricted to the parameters defined below. ? The participants needed to have an engineering 
or project management background or qualification. ? The participants’ experience within the 
industry or projects had to exceed a period of three years. ? The feedback from the 
questionnaires would not be restricted to a particular field; however the projects needed to be 
executed within the petro-chemical industry. ? The participants had to be working for Sasol or 
either one of the project and engineering consulting forms. ? The age, gender, race or 
nationality of the participant was not a restricting parameter for participation. ? The 
participation was also restricted to only English speaking individuals. The size of the 
participant group was not limited as the research objective was based on obtaining a large 
volume of information that would be utilised to evaluate the hypothesis and define the 
graphical models. However the time available for the research was the limiting factor as data 
collection, analysis and interpretation was very time consuming. 3.8 Methods of Data 
Collection The data that was utilised for the research process was categorised into two, 
namely structured and unstructured i.e. historical data, surveys, participant observation and 
questionnaires. The raw data obtain from the different qualitative research methods was 
collected, organised and processed into Microsoft Excel. 3.8.1 Structured Data Structured 
information on resource loading at different phases of the project life cycle was sourced from 
the following organisations: ? Consulting Engineering and Project Management firms. ? Sasol 
project and engineering groups: • • • Sasol technology project managers for small projects. 
Sasol Synfuels project managers and project engineers for small projects. Sasol South Africa 
Energy project managers and project engineers for small projects. Data on technical, 
business, sponsor and project management resources required from start to closure phase in 
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terms of man-hours or effort level was requested and treated as confidential for only the 
purpose of this research project. 3.8.2 Unstructured Data Unstructured data refers to 
information that was obtained during the research process from participant observations and 
feedback from the research questionnaires from the participants. The information was 
categorised and recorded utilising a hardcopy filing system and later transferred to Microsoft 
excel. 3.9 Data Analysis In order to complete the analysis of the information, the raw data that 
was available had to be structured in a manner that would allow efficient analysis of the 
information. A systematic approach was developed which entailed the following steps: ? 
Quantitative information on the resource loading hours was reviewed to ensure the information 
was relevant to projects only considered for the purpose of this research. ? The qualitative 
information on the resources hours was turned into an average to ensure anonymity and 
confidentiality. ? The qualitative and quantitative information was later developed into graphs 
to indicate the average level of effort per resource for the project life cycle. ? The qualitative 
information was obtained from two main sources, namely the participant observations and the 
research questionnaires. ? The qualitative feedback from the questionnaires was also checked 
for validity to the research topic. All valid feedback was then filed according to the project life 
cycle phase. ? The information was also converted into an average measure and converted 
into graphical representation. ? The participant observation feedback was also structured into 
graphical models based on previous projects. The key focus of the data analysis process while 
maintaining confidentiality and anonymity was to search for differences, similarities, themes, 
areas of development, areas of future research and new ideas or themes during the 
continuous research process. Testing the hypothesis while also adjusting where necessary in 
order to define a qualitative graphical model from the research process was also very key. 
Ultimately the final outcome of the research process was to define a qualitative graphical 
model that would give an indication of the project life cycle, project life cycle phases, key 
project deliverables per phase and the level of effort required per phase of the project life 
cycle. 3.10 Assumption and Risks The graphical representations that would be developed for 
the purpose of the research would consider certain assumptions and risk which would clearly 
be defined with the graphs. Some of the assumptions and risks can be summarised as follows: 
? Exclusion for factors to allow for efficiency, effectiveness and other undefined risks. ? A 
function to allow for expediting the project through certain phases of the project life cycle. ? 
Scope creep or additional scope being included into the approved project scope. ? 
Competency and work experience of the resources will also be assumed. Page 56 3.11 
Ethical Considerations Due to the sensitivity and confidentiality of the information that was 
required for the research process, a formal request to conduct the study, as seen in Appendix 
Five, was sent to a group of desired participants for the research project. Consent to continue 
with the research and send out the research questionnaire was given by the following 
organizations: ? Sasol Technology. ? Sasol South Africa Energy. ? Sasol Synfuels. ? Two 
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Project Management and Engineering Consulting Firms. The gate keeper approvals were 
obtained and filed as seen in Appendix Seven as proof that the management representatives 
were aware of the research and did consent at the time of the research. The participants were 
assured anonymity and confidentiality, as this was clearly stated in the introduction of the 
research questionnaire. Furthermore participation into the research process was also clearly 
indicated as voluntary in the questionnaire. However due to the number of questionnaires sent 
out for the research, participant consent was not documented but assumed for questionnaires 
that were returned for the purpose of the research. Lastly ethical clearance, as seen in 
Appendix Eight, was also obtained from the University of KwaZulu-Natal to conduct the 
qualitative research for the purpose of completing the thesis required for the partial completion 
of a master of commerce in leadership studies. 3.12 Summary This chapter of the research 
thesis introduced the research design that was utilized to address the research questions and 
achieve the research objectives. A qualitative research methodology was defined and adopted 
for the purpose of the research. The qualitative research methods utilized for this particular 
research were limited to historical research, case studies, research questionnaires and 
participant observation. The hypothesis statement, null hypothesis and detailed hypothesis 
statement were clearly defined and introduced in this chapter. The hypothesis in summary 
states that the level of effort for critical resources varies significantly depending on the phase 
of the project for small sized projects. The hypothesis was further defined graphically into 
models indicating the level of effort required per resource for the project life cycle. This 
hypothesis was developed prior to commencement of the research process. The data 
obtained from structured and unstructured sources discussed in this chapter was used to 
further refine the hypothesis, test the hypothesis and further develop the hypothesis. The data 
analysis process was clearly defined, and with the aid of Microsoft excel the research 
information will be stored, refined, evaluated, analyzed and illustrated into graphical models as 
will be discussed in the next chapter. The research site consisted of three main sites, namely 
Sasol Synfuels Secunda, Sasol Technology South Africa and Sasol South Africa Energy 
Projects environment. The focus was mainly on South African projects for the research 
questionnaires sent out for feedback. The research participants were not limited or restricted 
by race, gender or age but rather by their competency, experience and working experience 
within the petro-chemical industry. The research questionnaire was structured into five parts 
which ensured that feedback from the participants would include feedback specifically on the 
following: ? Insight on the project size, complexity and strategic importance. ? The types of 
resources involved in the project. ? The activities and deliverables completed per phase. Page 
58 ? Qualitative and quantitative feedback on resource level of effort. ? External factors that 
influenced the project. Lastly the approval from gate keepers and the University of KwaZulu-
Natal was critical for the research process. Consent from gate keepers, participants and the 
University was requested via a formal letter to execute the research, detailed consent in the 
189 
 
introduction of the research questionnaire and a detailed ethical clearance application. The 
formal approvals from the University ethics committee and the gate keepers to undertake the 
research process were filled and are attached to this thesis report. CHAPTER 4: RESULTS 
AND DISCUSSION 4.1 Introduction This chapter of the research thesis will focus on 
presentation of the results after the analysis of the data obtained from the numerous 
qualitative sources as per the research methodology discussed in the previous chapter. The 
results from the respondents will be presented by means of graphs and tables in order to give 
a collective or cumulative presentation as to maintain confidentiality while also providing in 
depth feedback from the research process. The results will also be discussed in detail in this 
section of the report while re-visiting the research questions and objectives discussed in 
Chapter One. The literature reviewed in Chapter Two will also form part of the discussion of 
the results. The discussion will clearly indicate the information that supported the research 
hypothesis while also highlighting the key areas of misalignment. The hypothesis will also be 
reviewed and areas of agreement and misalignment will be shown. The discussion will be 
centered around the objectives as closure regarding the objectives is critical and will form the 
basis for Chapter Five, in order to clearly define the outcomes, lessons and contributions of 
this particular research project. The discussions associated with the objective that ties to the 
feedback from the questionnaires will be discussed later in the chapter after the analysis and 
representation of the feedback from the respondents. 4.2 Research Results in terms of the 
Objectives This section of the thesis will present qualitative data collected and discuss the 
associated relevance and alignment to the literature reviewed in Chapter Two. Concepts that 
were identified and any incongruence with the feedback and the literature will be explored. 
The structured approach that was followed was based on the objectives for the thesis and 
later the presentation of the results and then concludes with a summary of key findings and an 
updated hypothesis to conclude the Chapter. 4.2.1 Objective One and Two The first two 
objectives for the research were focused around developing a hypothesis for critical resources 
for a small project from start to finish specifically on the level of effort required per phase. The 
research process defined in Chapter Three of the thesis supported in answering the research 
question linked to these objectives. A detailed analysis of literature highlighted numerous 
project life cycles for small projects. The following project life cycles have been adopted by 
many scholars and organizations: ? Four Phase project life cycle ? Six phase project life cycle 
? Eight phase project life cycle These three models are very similar and in essence can be 
seen as an evolution from one to the next, in simple terms, the eight phase project life cycle 
model is an evolution of the six phase cycle. The six phase project life cycle similarly is the 
evolution of the four phase project life cycle. As shown in Chapter Two these models are 
similar and merely include for additional phases to allow firstly for better governance pre 
project initiation, post project initiation, prior to project closure and lastly the additional phases 
improve the planning or development of key activities especially on large scale projects. In the 
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project management of specific types of projects, for example small size project with a low 
complexity the four phase project management cycle has proven adequate and does yield 
success across many organizations. However the research process did highlight new 
concepts and areas of incongruence regarding project life cycle models. There is a small 
group of organizations and project managers specifically within the engineering sector that 
have also adopted a two phase project management life cycle. The first phase as highlighted 
in Section 2.11.1 being a combination of an initiation and planning phase. The second and last 
phase being a combination of a detailed planning phase, execution and project closure. The 
Engineering Council of South Africa recognizes a five phase project life cycle referred to as 
the stages of services, namely (Republic of South Africa, 2014, pp.40): ? Inception ? Concept 
and Viability, ? Design Development, Documentation and Procurement, ? Contract 
Administration and Inspection ? Close-out. Another new concept introduced by Westney 
(1992, pp.9) is that any project management technique can be adopted; projects can be 
managed according to the convectional approach. In so doing so projects can be addressed 
more adaptively and embrace change during planning and development process which could 
exploit available efficiencies and become more innovative by nature. A more radical approach 
which is believed to be in line with complexity theories such as those defined in literature 
associated with complex adaptive systems indicates projects are complex adaptive systems 
that need dynamic thinking and no particular model, actions or guidelines can guarantee a 
particular outcome. Irrespective of the conflicting project life cycles that have been 
documented and researched, there is still common agreement of the four, six and eight phase 
project life cycle. The most commonly utilized and adopted model for small and less complex 
projects being the four phase project life cycle as observed from the literature review, case 
studies and participant observation undertaken during the research process. The four phases 
of this model being primarily focused on the specific scope and deliverables required per 
phase. The four phases are namely project initiation or start, project definition or planning, 
project execution and lastly project closure or start-up, in that particular order of sequencing. 
In defining or developing the hypothesis for small projects the project life cycle model adopted 
was critical as this would form the basis for the scope or deliverables required at different 
milestones of the project which would have a direct correlation on the level of effort required 
from the resources. In further developing the hypothesis, the research process assisted in 
obtaining information on the definition and specification of critical resources within the project 
management environment. The literature clearly highlighted that resources are not limited to 
individuals or groups of individuals but can be inclusive to include tangible and intangible items 
such as knowledge, materials, structures, tools and so forth. However there is common 
agreement from literature, case studies and participant observation in terms of key or critical 
resources required for projects and these have been defined as follows: ? Project manager 
who is responsible for the management of the project, resources, schedule, cost, quality and 
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overall success of the project. ? The customer, client or business, which will utilize the 
project’s product. ? The performing organization, which is the organization whose employees 
are mostly doing the physical work of the project. ? Project team, which is the group of 
individuals doing work on the project. ? Sponsor, who is the individual or group that provides 
funding for the project. There are some new concepts that are also very valuable observed 
from the research process, specifically around critical resources, these go as far as to say 
resources need to be defined in a way that allows for effective management of the project and 
that the role of the project manager and his competencies are the critical issues when 
evaluating the concept around resources for a project. After detailed analysis and review of 
the different sources of information optimal or critical list of resources, the resources were 
grouped and limited as follows, project manager, technical resources, business resources and 
sponsor resources. The performing resources were excluded from the research process as 
these resources and their effort level tend to vary significantly depending on the scope of the 
project. The performing resources are also not defined in the front end loading of a project but 
are rather defined by the contractor or service provider early in the execution phase of the 
project. The qualitative research associated with the definition of these resources or effort 
level can be considered for future research. The concept of level of effort is one that is 
relatively new within the project management environments and it was a very key concept to 
the research conducted. This concept is simply defined in Chapter Two as a quantifiable count 
and measure of definable labor units that is required to arrive at the completion of a phase of a 
particular project schedule. Literature on the definition or calculation of level of effort for project 
resources is very limited currently as there are currently numerous computer programs utilized 
by organizations and project managers to define quantitative resource plans thus the need for 
a qualitative tool does not seem to be a point of current focus. In terms of the level of effort 
required from the technical resources throughout the project life cycle, the Engineering Council 
of South Africa gives an indication of the level of effort per phase based on the recommended 
percentage of payment for the technical resources per phase, this detail is given in Table 2 on 
the next page. Table 2: Summary of Project Deliverables according to ECSA Source: Republic 
of South Africa, 2014, pp.40 Project Phase Typical Percentage (Stage of Service) points for 
each stage Inception 5 Concept and Viability 15 Design Development & Documentation and 
Procurement 40 Contract Administration and Inspection 35 Close-out 5 However there is very 
recent literature from the international community of project managers that was very useful 
towards defining the level of effort required from a resource which was discussed in detail in 
Section 2.9 of this thesis. These guidelines together with the qualitative representation given in 
Section 2.7 and knowledge of the researcher based on previous projects aided in defining the 
level of effort at different phases for different resources for small projects. The assumptions 
and information from literature related to level of effort will later be compared to the feedback 
from the questionnaire. In evaluating all the aspects related to projects and project 
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management as defined earlier in this section it was important to also acknowledge that the 
project deliverables are also dependent or influenced by numerous factors including those 
discussed earlier. The project deliverables as discussed in Section 2.7 can be defined as the 
work or product located at the end of a hierarchy of activities, which can be a product, 
equipment or documentation. These deliverables are generally determined by the client, the 
organizational governance and the project life cycle model adopted. The definition of 
deliverables and milestones is key in that it directly influences whether the project is termed a 
success or not. Prior to concluding the discussion regarding project deliverables the concept 
of project success will be explored as this can influence the project deliverables. This concept 
of project success or project success factors was discussed in section 2.10 of the report. This 
concept is not similar to project management success which is centered around the successful 
management of the project diamond, i.e. cost, quality, schedule and scope, but rather is 
centered around the measures that have been specified in the definition of a project being a 
success or not. These measures were highlighted in detail in Table 1 of this report and vary 
from adherence to the project mission, client acceptance of the final product and provision of 
timely and accurate data to key stakeholders. In understanding project success, project 
success factors or the definition of victory for small projects it then becomes clear what the list 
of key deliverables for the critical resources in small projects within the petro-chemical industry 
should include. Literature by Westland (2006) gives insight into the deliverables for the four 
phase project life cycle acceptable by the project management fraternity. These deliverables 
are summarized per phase in Table 3 below, however these are not indicated per resources. 
Table 3: Summary: Project Deliverables according to Literature Source: Westland, 2006, 
pp.221 Project Phases Initiation Phase Develop Business Case Planning Phase Develop 
Project Plan Execution Build/Contract/Fabricate Deliverables Closure Perform Project Closure 
Complete Feasibility Study Create Resource Plan Monitor and Control Review project 
completion Deliverables Establish Terms of Reference Create Financial Plan Cost 
Management Appoint Project Team Create Quality Plan Quality Management Set up Project 
Office Create Risk Plan Risk Management Gate review and Sign-off Create Acceptance Plan 
Acceptance Management Create Communication Plan Communication Management Create 
Procurement Plan Procurement Management Contract Suppliers Issue Management Gate 
review and Sign-off Change Management Time Management Gate review and Sign-off The 
list of deliverables for small projects can be extremely detailed as seen in Table 4 beyond 
what has been defined above in Table 3. The information highlighted in Table 4 was based on 
the feedback and analysis of the different sources of information utilized for the qualitative 
research process as defined earlier under research methodology. Appendix Two gives a 
detailed list of deliverables as observed during the participant observation research process. 
The deliverables are indicated per phase for the three types of projects currently executed in 
Sasol Synfuels, namely complex renewals or capital projects, in- house/EPC Renewals and 
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lastly in-house renewals. The magnitude and type of projects as defined earlier specific to this 
research can be categorized as in-house renewals according to the Sasol Synfuels Project 
Management Procedure. However the questionnaire feedback regarding deliverables required 
per project life cycle phase will be discussed later in more detail in Section 4.3. This feedback 
will also be reviewed, analyzed and included in the final discussion of results and development 
of the model as per the objectives of the research project. Table 4: Summary: Project 
Deliverables according to Qualitative Research Process Project Phases Initiation Phase 
Develop Business Case Planning Phase Develop Project Plan Execution 
Build/Contract/Fabricate Deliverables Closure Perform Project Closure Develop Business Plan 
Create Resource Plan Monitor and Control Review project completion Deliverables Complete 
Feasibility Study Create Financial Plan Cost Management Post Audit Report Appoint Interim 
Project Team Create Quality Plan Quality Management Performance Certified Develop 
Preliminary and Conceptual Engineering Proposals Create Risk Plan Risk Management Close 
out of all governance documents Develop Project Execution Philosophy Create Acceptance 
Plan Acceptance Management Optimize business and product Develop Project Execution 
Strategy Create Communication Plan Communication Management Post Audit Report 
Initiation Phase Planning Phase Execution Closure Establish Terms of Reference Create 
Procurement Plan Procurement Management Performance Certified Develop Basic 
Development Charter Contract Suppliers Issue Management Project Close-out Report 
Develop Level 1 Schedule Update Project Estimate Change Management Ensure Governance 
Develop Very Rough Order of Magnitude Estimate Develop Final Business Case Time 
Management Optimize business and product Gate review and Sign-off Finalize Basic 
Engineering Package Start-up Assistance Optimize facility, safety, reliability and integrity 
Execution Funds Approval Ensure Technical Integrity Project Governance Develop Level 2 
Schedule Develop Level 3 Schedule Corporate Governance Gate review and Sign-off Ensure 
Governance Gate review and Sign- off Final product or running entity Project Close-out review 
plan Gate review and Sign-off The literature, case studies and participant observation 
discussed were all used in further developing the hypothesis model in order to address the 
requirements of the objectives of this research project. The research hypothesis for this 
research therefore states, as defined earlier in Chapter Three that there are four phases for 
small projects which are namely project initiation or start, project definition or planning, project 
execution and lastly project closure or start-up. The level of effort required per resource per 
phase is very dynamic and varies significantly throughout the project life cycle. The four key 
resources being namely the project management resources, technical resources, business 
resources and sponsor resources. The information obtained from the participant observation 
research process also indicated clearly the changes in the effort level from the different 
resources involved within the project as the project moves from one phase to another. The 
resources were identified as follows: ? Project Management ? Technical or Engineering ? 
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Operations ? Strategy and Business Figure 31 clearly indicates the changes in the level of 
involvement or level of effort as termed in this research, for the four resource types as the 
project moves from one phase to another as defined by the Sasol Synfuels Project 
Management Procedure. The alphabets indicated in the sketch give an indication of which 
resource is Responsible (R), Accountable (A), Consulted (C), Supports (S) and Informed (I). 
Appendix Three gives a graph indicating the level of involvement per resources for complex 
projects as an indication of the changes or variations in terms of responsibilities for the 
different resources depending on the typology and complexity of a project. Figure 31: In-house 
Renewal Project Level of Effort Source: Synfuels Projects, 2013, pp.32 The research 
hypothesis is defined taking into consideration the different research methods utilized for this 
research project and is further defined in Table 5 and graphically in Figure 32 in terms of the 
effort level required per resource at the different phases of the project life cycle. Table 5: 
Hypothesis Maximum Effort Level per Resource Resources Project Life Cycle Phases 
(Maximum Effort Level Per Resource %) Initiation Planning Execution Closure Project 
Management 20 16 40 20 Technical Resources 40 50 15 5 Business Resources 10 10 5 25 
Sponsor Resource 10 30 10 45 60 All Project Resources: L evel of Effort 50 40 Level of Effort 
30 20 10 0 Initiation Phase Planning Phase Execuation Phase Closure Phase Project 
Management Resources Technical Resources Figure 32: Research Hypothesis Graphical 
Presentation Later in the thesis the feedback from the research questionnaires will be 
analyzed and evaluated against the current literature specifically on four concepts, the 
definition of key resources, the level of effort required, the deliverables and the project phases. 
The representation of the hypothesis will be evaluated graphically later against the respondent 
feedback to clearly indicate the gap or alignment between the hypothesis and the qualitative 
feedback. The research objectives also include for a discussion regarding the areas of 
alignment or congruency from current literature to the hypothesis. Table 6: Summary of 
Research Findings Area of Review Literature Review Hypothesis Case Study Summary 
Project Life Cycle Aligned to four, six and eight phase model Defined around the four phase 
model Support for four and six phase models Significant alignment observed through the 
research process with very minor conflicting ideas. Project Phases Initiation, Planning, 
Execution and closure phases Initiation, Planning, Execution and closure phases Start, 
Detailed, Execution and Termination The naming convention is different however in essence 
there is also alignment in terms of the objectives for the different project phases. Critical 
Resources Project Manager, Customer, Performing Organization, Project Team and Sponsor 
Project Manager, Technical, Business and Sponsor Resources Project Manager, Customer, 
Engineering and Sponsor resources Significant alignment observed in terms of critical 
resources for projects. New ideas that conflict the idea of critical resources however are 
developing and are gaining support within research. Deliverables Extensive list of deliverables 
documented well in research literature. Hypothesis provided a summary of deliverables which 
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in principle are similar to research literature. The deliverables are well understood and tend to 
vary depending on project complexity and organizational governance. Alignment on key 
deliverables for the different phases. This is a subject that is well documented and understood 
in industry. Organizational governance gives stringent requirements with gate keepers specific 
to deliverables for different types of projects. Level of Effort Methodology defined by 
International Community of Project Manager Aligned to participant observation Not 
documented. The concept of level of effort is one that has not be well research or documented 
by scholars. The focus in the industry is mainly on quantitative resource definition rather than 
qualitative. 4.2.2 Objective Three The third objective of the research project centers on the 
development of a graphical model to give an indication or guidance in terms of the resources 
required and level of effort for the different phases of the project life cycle for small projects 
within the petro-chemical industry. In essence this allows for a graphical representation of the 
key aspects observed from the literature reviewed and the qualitative data analysis completed 
for the purpose of this research project. The graphical representation can be utilized for front 
end loading on projects or be further refined by other scholars in the future. Project managers 
will have the opportunity to utilize the graphical model when planning to execute small projects 
within the petro-chemical industry in South Africa. The graphical model will be defined later in 
the thesis after analysis of the data obtained from the qualitative questionnaires and the 
participant observations. 4.3 Data Analysis Data analysis for a qualitative research project 
required the researcher to evaluate the information from three distinct perspectives, namely 
literally, reflexively and interpretively. Allowing analysis in these three different methods added 
value towards reviewing the information and the results specifically because the researcher’s 
sample for qualitative research was generally small. The data was analysed primarily from the 
deductive approach utilising the questionnaires to group the information and then looked for 
areas of alignment and areas of differences. The information was then reviewed together with 
case studies, historical research, latest literature and participant observations to further adjust 
the hypothesis and develop the graphical model as per the research objective deliverables. 
4.3.1 Participant Observation The number of projects that were utilised in terms of participant 
observation for the purpose of the research were limited to five (5) over a period of thirty six 
(36) months. The information was then categorised based on the qualitative research method 
utilised as discussed earlier in Section 3.5.1. Microsoft Excel and Word were utilised to 
structure the information and develop graphical trends or representation. The information will 
later in this Chapter be shown primarily in graphical form with only key information highlighted 
on the graphs. The calculations and the raw data used in developing and defining the graphs 
are included in Appendix Nine for detailed review and analysis. Table 7: Average measure 
from the participant observation on five projects Average Measures from all Projects Project 
Phase Resources Project Management Technical Business Sponsor Initiation 18% 36% 26% 
19% Planning 26% 40% 17% 17% Execution 52% 22% 16% 10% Closure 40% 20% 31% 9% 
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Average Level of Effort from Participant Observation Leve of Effort 60% 50% 40% 30% 20% 
10% 0% Initiation Planning Execution Closure Resources Project Management 18% 26% 52% 
40% Resources Technical 36% 40% 22% 20% Resources Business 26% 17% 16% 31% 
Resources Sponsor 19% 17% 10% 9% Project Phases Figure 33: Average level of effort from 
five projects observed by participant. 4.3.2 Research Questionnaires The research 
questionnaire attached in Appendix Six was utilised to obtain qualitative feedback from 
engineers and project managers within Sasol and externally from consultants that undertake 
projects for Sasol and other organisations within the petro-chemical industry. The detail of the 
departments and consultant that provided consent in terms of the feedback required for the 
research project is given in Appendix Seven; however this information should remain strictly 
confidential. The research questionnaire was circulated to over 120 participants, however only 
53 responses (44%) were received back from the group, both internal to Sasol and 
engineering consultants, were considered for the purpose of the research project. The 
percentage of response from the questionnaires was not very positive however as the 
questionnaires were very extensive in the detail required and the sensitivity of the information 
required. The quality and quantity of the feedback obtained was acknowledged to be a good 
presentation of the research group. This section of the thesis provides a summary of the 
qualitative feedback received from the research group, the detail of the feedback can be found 
in Appendix Ten. The information was evaluated from a qualitative and quantitative point of 
view; Table 8 gives an indication of the spilt of the information. Table 8: Grouping of 
Questionnaire feedback data Research Questionnaire Feedback Qualitative Review 
(Summation of the details) Quantitative Review (Graphical Representation) Project Typology, 
Complexity and Schedule. x Project Deliverables per Phase x Project Resource Loading: Total 
Hours Details were not provided by all respondents. Project Resource Loading: Percentage x 
Project Success x 4.3.3 Interpretations of Questionnaire Results The data obtained from the 
qualitative questionnaires as discussed in the previous section was analyzed and summarized 
into key areas as per the research objectives to highlight the feedback from the research 
process. The results will be summarized as follows in this section of the thesis: ? Project 
typology, complexity and schedule. ? Project deliverables. ? Level of effort per resource. The 
summary of results from the questionnaires, participant observations and literature reviews will 
then be critically compared later in this section to clearly indicate areas of alignment and 
misalignment. In order to prevent dilution and misrepresentation of the research data and 
results, the misalignments identified from the three different research processes specifically 
pertaining to the level of effort measures will not be addressed by means of averaging the 
information or utilizing the mean of the various data points. The researcher’s experience and 
knowledge of the project management environment was utilized in adjusting the difference 
from the different research sources to provide input towards the final graphical model that 
would be presented as a deliverable in line with the research objectives. It was however 
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imperative to focus on providing a model that can be utilized further in research or in industry 
specifically regarding the level of effort required per resource for the different phases and the 
deliverables required per phase. The following graphs, Figure 34 and provide detail on the 
project complexity, type, budget and schedule as observed from the review of the research 
questionnaires obtained. Research Questionnaire Feedback: Project Type Non- technical 11% 
Research Questionnaire: Project Complexity High 9% Low 23% Technical Medium 89% 68% 
Figure 34: Research Questionnaire Feedback: Project Type and Complexity. Research 
Questionnaire: Project Questionnaire: Project Budget Project Schedule Below R50 Million 
R50.1 to R99 Million R100 to R199 Million Above R200 Million Less than 12 Months 12 to 24 
Months 25 to 36 Months More than 37 Months Figure 35: Research Questionnaires Feedback: 
Project Budget and Schedule. Table 9: Summary of Research Questionnaires Project 
Deliverables Feedback Project Phase Resources Research Questionnaires Feedback 
CONCEPT PHASE Technical Resources ? ? ? ? ? ? ? ? ? ? Feasibility Study Report 
Technical Justification Report Scope of work for concept design. Tender evaluation Concept 
Design Review of previous failures and maintenance strategies. Registration of the required 
modification Preliminary schedule for technical scope Obtain existing system technical 
information. Technology selection for the project Project Management Resources ? ? ? ? ? 
Develop level 1 project schedule Develop a Potential Deviation Analysis Develop a resource 
plan Ensure all the governance documentation is completed as per schedule. Manage 
interfaces between different disciplines. Sponsor Resources ? ? ? ? ? Evaluate the need for 
the project Develop and maintain organizational project budgets. Ensure project governance. 
Provide funding for concept phase of the project Appoint a project manager Business 
Resources ? ? ? Develop the business case Evaluate the concept design and the technology 
selection. Inform the rest of the business on the project progress Project Phase Resources 
Research Questionnaires Feedback PLANNING PHASE Technical Resources ? ? ? ? ? 
Update schedule for technical scope Basic Design Managing the completion of technical 
activities Ensure procurement and fabrication of long lead items. Completing engineering 
studies such as HAZOP (Hazard and Operability) and RAM (Reliability Availability and 
Maintainability) studies. Project Management Resources ? ? ? ? ? ? ? Develop level 3 project 
schedule Define project team Develop project critical factors Ensure the project is 
accommodated in the outage/shut-down plan. Arrange the project communication and meeting 
guidelines. Apply for project execution phase funds. Approval of contracts for the project 
Sponsor Resources ? ? ? ? ? Providing alignment and support between the project team and 
the business. Support address project risks Provide funding for the project. Ensure project 
governance Review the project schedule and scope of work Business Resources ? ? Provide 
input to the design based on operational requirements. Participate in engineering studies such 
as HAZOP and RAM studies. Project Phase Resources Research Questionnaires Feedback 
EXECUATION PHASE Technical Resources ? ? ? ? ? ? ? ? Detailed Design Developing 
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scope of work for tendering purposes. Tender evaluations Placing contracts for resources and 
materials required for the project. Support in ensuring quality control measures. Inspections 
and sign-off on work completed Interface management between different engineering 
disciplines. Pre-commissioning report. Project Management Resources ? ? ? ? ? ? Update 
project schedule (Level 4 Schedule) Appoint service providers and contractors for the 
execution scope. Management and reporting on project triangle. Ensuring all required 
resources and equipment is available for the project. Approval of milestone payments Site 
inspections and sign-off on work completed. Sponsor Resources ? ? ? Ensure project 
governance Provide funding for execution phase of the project Hold the project manager 
accountable for project triangle measures. Business Resources ? ? Develop operating 
procedures Participate in design reviews based on operational experience. Project Phase 
Resources Research Questionnaires Feedback DELIVERY PHASE Technical Resources ? ? 
? ? Review of end of job documentation Updating of internal documents Close out of change 
management process Ensuring operation of the equipment or system is as per original 
requirements Project Management Resources ? ? ? ? Final reports for the project. Project 
close out Gather information from project resources to provide feedback. Manage the project 
triangle. Sponsor Resources ? ? ? ? Review final project reports Ensure governance Ensure 
all business documentation has been updated Approval to commission the system/project. 
Business Resources ? ? Commission and operate the new product or system. Assessing the 
impact of the project on business The graphs given in Figure 36 and 37 give the 
representation of the level of effort feedback from the research questionnaires. The graphs are 
separated as some of the respondents provide the quantitative data; the hours booked per 
resource and also provided a percentage value for the level of effort. This can be clearly 
observed from question 18 and 19 of the research questionnaire in Appendix Six. The 
sensitivity and volume of the quantitative data was a concern for respondents as only sixteen 
percent (16%) of the respondents provided quantitative data. Irrespective of the low response 
rate on this question, this information did not form the basis for the project as the objective 
was to develop a qualitative model based on a qualitative research process. Questionnaire 
Feedback: Quatitative Feedback 80.00 70.00 Level of Effort (%) 60.00 50.00 40.00 30.00 
20.00 10.00 0.00 Concept Planning Execuation Delivery Technical 66.85 47.46 42.65 37.49 
Project Management 24.77 38.35 41.07 31.59 Sponsor 4.69 8.86 6.22 14.08 Business 3.68 
5.33 10.06 16.83 Project Phases Figure 36: Research Questionnaires Feedback: Quantitative 
Responses. 80.00 Questionnaire Feedback: Qualitative Feedback 70.00 60.00 Level of Effort 
(%) 50.00 40.00 30.00 20.00 10.00 0.00 Concept Planning Execuation Delivery Technical 
69.89 49.78 28.78 37.44 Project Management 17.67 37.89 41.26 33.00 Sponsor 7.33 6.67 
15.00 9.89 Business 5.11 5.67 Project Phases 14.97 19.67 Figure 37: Research 
Questionnaires Feedback: Qualitative Responses. The combined qualitative and quantitative 
information obtained from the research questionnaires was also compared against the 
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participant observation information as shown previously in section 4.3.1; Table 10 below 
provides a comparison of this information. As can be seen there we significant discrepancies 
on the level of effort measure from the questionnaires and that recorded from the participant 
observation feedback. This discrepancy was noted but not investigated further for this 
research project. Table 10: Summary of research feedback on level of effort. Project Project 
Management Technical Business Sponsor Phase Resources Resources Resources 
Resources Participant Research Participant Research Participant Research Participant 
Research Observation Questionnaire Observation Questionnaire Observation Questionnaire 
Observation Questionnaire Concept 18% 18% 36% 70% 26% 5% 19% 7% Planning 26% 38% 
40% 50% 17% 6% 17% 7% Execution 52% 42% 22% 29% 16% 15% 10% 15% Delivery 40% 
33% 20% 37% 31% 20% 9% 10% The information was then analysed and presented in a 
manner that shows its consensus or conflict with the original hypothesis for the research. The 
information was then utilised to modify the hypothesis or to develop future investigations that 
may be required to prove or disprove the research hypothesis. The graphical patterns drawn 
were then explained individually and cumulatively in order to provide results that have 
meaning, experience and views. Table 11: Summary of Research Findings including Research 
Questionnaires Area of Review Other Qualitative Research Methods Participant Observations 
Research Questionnaires Project Life Cycle Significant alignment observed through the 
research process with very minor conflicting ideas. The main project life cycle models being: ? 
Four phase ? Six Phase ? Eight Phase Exposed to four phase and eight phase project life 
cycle models The research questionnaire was developed in line with the four phase project life 
cycle model which is utilized mainly for small projects within the chosen research environment. 
Area of Review Other Qualitative Research Methods Participant Observations Research 
Questionnaires Project Phases The naming convention was observed to be different from one 
source to another however in essence there is also alignment in terms of the objectives for the 
different project phases. The four phases observed by the participant for the projects 
evaluated were namely: ? Feasibility Phase ? Basic Development Phase ? Execution Phase ? 
Start-up Phase The questionnaire was developed in line with the phases utilized within the 
selected research environment, namely: ? Concept Phase ? Planning Phase ? Execution 
phase ? Delivery phase Critical Resources Significant alignment observed in terms of critical 
resources for projects. New ideas that conflict the idea of critical resources however are 
developing and are gaining support within research. The following resources were identified as 
critical from the participant observation: ? Project Management Resources ? Technical 
Resources ? Business Resources ? Sponsor Resources The research questionnaire was 
developed with four main resource groups, in order to align to the research environment, these 
resources were namely: ? Project Management Resources ? Technical Resources ? Business 
Resources ? Sponsor Resources Deliverables Alignment on key deliverables for the different 
phases. This is a subject that is well documented and understood in industry. Organizational 
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governance gives stringent requirements with gate keepers specific to deliverables for 
different types of projects. The phase deliverables were clearly defined for the projects as they 
were directly influenced by the organizational governance and requirements. An extensive list 
of deliverables was obtained from the 53 research questionnaires received from the 
respondents. There was alignment in terms of the feedback obtained. The feedback as 
extremely detailed as it was specific to particular projects. Level of Effort Level of effort is 
shown in literature as an indication but without detail required for front end loading. The 
organizational guideline, experience and observation on previous projects were utilized in 
define the level of effort for the projects considered. The research questionnaire provided 
extremely valuable information on the detail required to develop the level of effort models. The 
information from the different respondents was aligned. Proposed Model for Level of Effort for 
Project Resources 60% Level of Effort (%) 40% 50% 30% 20% 10% 0% Concept Planning 
Execution Delivery Technical 50% 45% 30% 30% Project Management 20% 35% 45% 35% 
Sponsor 15% 10% 10% 10% Business 15% 10% 15% 25% Project Phases Figure 38: 
Proposed Level of Effort Qualitative Graph Table 12: Summary of Research Findings including 
Research Questionnaires Project Project Management Technical Business Sponsor Phase 
Resources (LOE) Resources (LOE) Resources (LOE) Resources (LOE) Hypothesis Proposed 
Model Hypothesis Proposed Model Hypothesis Proposed Model Hypothesis Proposed Model 
Concept 20% 20% 40% 50% 10% 15% 10% 15% Planning 16% 35% 50% 45% 10% 10% 
30% 10% Execution 40% 45% 15% 30% 5% 15% 10% 10% Delivery 20% 35% 5% 30% 25% 
25% 45% 10% The comparison of the original hypothesis to the proposed model based on the 
research process undertaken for this research project indicates a very small margin in terms of 
the values indicated for the level of effort for the four critical resources from concept to delivery 
phase. This clearly indicates there was more alignment rather than conflict between the 
hypothesis detailed in section 3.4 of this report, with the exception of a few values as indicated 
in Table 12 above. Page 84 4.4 Another Engineering Model The use of a model as a tool 
within the technical environment is not a new phenomenon and has been adopted and utilized 
extensively within the petro-chemical industry. A common tool utilized within the mechanical 
engineering fraternity is the pump and performance curves or model. Figure 39 gives a 
theoretical illustration of what is commonly referred to in industry as pump curves for 
centrifugal pumps. Figure 39: Theoretical Model of Pump Curves Source: Grundfos Research 
Technology, c.2014, pp.56 These theoretical curves are developed to give more detail in 
terms of the pump performance for every pump before it is supplied to the market. These 
curves are then termed pump performance curves and will entail the following information on a 
particular pump as per in service tests conducted pre-entry into the market: ? Head (H) ? 
Flowrate (Q) Page 85 ? Power Consumption (P) ? Pump Efficiency (η) ? Net Positive Suction 
Head(NPSH) Figure 40 below gives an indication on how this information can be read from a 
particular pump performance pump curve. Table 11 gives a summary of the information read 
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from the graph based on a required flow rate of seventy (70) m3/h. Figure 40: Typical Pump 
Curves for Centrifugal Pump Source: Grundfos Research Technology, c.2014, pp.30 Table 13: 
Pump Information Obtained from Performance Curve Description Value Value Head 42 m 
Power Consumption 10 kW Pump Efficiency 85% Net Positive Suction Head 3 m As seen in 
Appendix Eleven this information can vary significantly depending on the shape of impeller. An 
example of how the pump curves are issued in industry with a pump (KSB pump) on delivery 
to the end-user is also attached in Appendix Eleven. The pump curves clearly indicate the 
benefits of a model that can be used in industry, as these curves are used in projects during 
detailed engineering of pumping systems, during analysis or fault finding on pump 
performance during normal operation and other situations. The final model that will be defined 
in Section 5 of this thesis as per the research objective will function as highlight in this section 
in providing a qualitative measure of the deliverables, level of effort and the resources required 
per phase for small projects. 4.5 Conclusion In this section of the thesis, multiple sources of 
data were utilized in defining a model that can be utilized to qualitatively define the level of 
effort required per resource at different phases of the project. The data was categorized 
mainly into three categories for the purpose of data analysis completed. The three main 
categories being namely: ? Data from previous projects observed by the participant. ? Data 
obtained from the qualitative research questionnaires ? Concepts and literature noted from the 
literature review process. The main areas of evaluation during the research process are 
summarized below: ? The types of project life cycles. ? The types of project phases. ? The 
critical deliverables at different phases of the project. ? The key resources types for the 
project. ? The level of effort required per resource at different stages of the project. In 
evaluating these areas the information was mainly aligned to the hypothesis, literature 
reviewed and the research process undertaken for the project. The areas of alignment were 
mainly on the project life cycles, project phases and deliverables per phase. The definition of 
key resources was not totally aligned to the hypothesis and literature as the hypothesis 
provided four main resources and literature highlighted multiple ideas which vary from the 
project manager being the only critical resources to a list similar but longer to that specified in 
the hypothesis for critical resources. In terms of the research questionnaires, the participants 
were not requested to give input on the critical resources as the questionnaire was developed 
based on four critical resources as defined in the hypothesis. The feedback received from the 
questionnaire however did not conflict this idea as resource loading feedback was aligned to 
the resources defined in the hypothesis. The qualitative research questionnaires were 
circulated to a significant group that entailed both internal and external to Sasol respondents. 
The feedback was based on project detail provided however was from mainly technical 
projects, specifically (89%) eighty nine percent of the projects were technical, sixty eight 
percent (68%) of which were of a medium complexity. Three quarters of the projects that 
feedback was provided for were completed within a period of twenty four to thirty six months, 
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half of which had a total project budget of less than fifty million rands. This is important to 
highlight for the research findings as it is in line with the research objective of developing a 
model for small projects which are generally defined in industry in terms of project complexity, 
budget and schedule. Similarities and areas of misalignment were highlighted in tabular form 
in detailing the summary of the investigations for the following key research requirements: ? 
Project life cycles observed and utilized. ? The definition and associated understanding of 
project phases. ? Critical resources as defined in industry and literature for projects. ? Key 
deliverables defined at different project phases. ? The definition and understanding of the 
concept defined as the level of effort. Both in industry and literature reviewed, the areas of 
alignment were well documented and understood except the concept of level of effort, which is 
not well documented or understood. Thus the need for this research project which focused on 
further defining the concept of level of effort and obtaining research data as discussed in 
section three of the thesis which was utilized in this section after detailed data analysis to 
further develop the definition of the concept and the magnitude of effort required from four 
critical resources based on industry experience from the numerous research participants. After 
the analysis and evaluation of the numerous streams of information, a schematic 
representation of the information is provided in Figure 41 on the next page, which clearly 
provides a qualitative representation of the level of effort required per resource as per the 
deliverables required for the phase per particular resource. This model was developed based 
on the limited feedback based on small projects within the petro-chemical industry in South 
Africa. The response from the qualitative questionnaires, at forty four percent (44%) should not 
be concerning as multiple methods of research were utilized and the responses were well 
aligned towards the values given in the final model. In conclusion based on the extensive 
research process undertaken for the research project the concept of level of effort has been 
addressed and highlighted well in the detailed model indicated in detail in Appendix Twelve. 
The benefits, further developments and contributions of this model are discussed in the next 
chapter. It was however very encouraging to note the alignment or how small the variances 
were for the proposed level of effort measures obtained from the research questionnaire 
feedback versus the original hypothesis level of effort measures as indicated earlier in this 
section. In essences there was clear alignment between the hypothesis and the feedback from 
the research process. Level of Effort for Project Resources 60% 50% Level of Effort (%) 40% 
30% 20% Technical Project Management Sponsor Business 10% 0% Concept Planning 
Execution Delivery Technical Resource Deliverables Feasibility Study & Concept Design 
Report Basic Design Report Detailed Design and Pre- Commissioning Report Compile and 
Review End of Job Documentation Sponsor Resources Deliverables Evaluate the Need for the 
project and provide funding Ensure Provide Funding Review final Governance and and hold 
Project documentation review scope and Manager and approve for schedule Accountable 
commissioning Business Develop business Resources case and inform Deliverables business 
203 
 
of projects Provide operational requirements in the design. Develop Operating Procedures 
Commission and Operate the New system. Project Management Deliverables Develop project 
resources requirements and Plan Develop the project Diamond (Cost, Schedule and Scope) 
Reporting on and managing the project diamond Provide final documentation and close the 
project Figure 41: Level of Effort qualitative graph with key deliverables per resource The use 
of schematics or graphs to extrapolate or obtain information based on a constant in industry 
has been used and continues to be used extremely well in the engineering environment. An 
example of a pump curve discussed earlier in this section clearly proves a graphical model 
can be utilized with much success in industry. Therefore the use of a qualitative model to 
define the level of effort and the deliverables required for a project can add value in industry. 
CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 5.1 Introduction This section of the 
thesis will provide a summary of the conclusions from the research processes followed for the 
research project, namely: ? Literature reviewed ? Participant observation feedback ? 
Research questionnaires feedback The information obtained from the numerous research 
processes was analyzed and evaluated in chapter four of the report. The conclusions from the 
data analyzed will also be presented as a summary to the report in this section. The final 
model to be proposed to scholars and industry for managing critical resources on small 
projects within the petro-chemical industry and the associated level of effort at the different 
phases of the project life cycle will also be presented in this chapter. In conclusion, the 
recommendations will also be included in this section which will be presented in this chapter to 
ensure that the knowledge base is further developed by others in the future. The 
recommendations will be provide in two sections, firstly recommendations based on the 
learning observed from the current research project and lastly recommendations for future 
studies. 5.2 Conclusions A large number of small projects are executed annually by numerous 
organisations within the petro-chemical industry, these projects vary from changes in 
organisational structures, information technology changes, construction, manufacturing and 
procurement of equipment or creation of new organisations to state a few. The management 
of these projects is critical as organisations typically define the scope, quality, schedule and 
cost for these projects based on future earnings, profitability, clients and organisational growth 
from the success of these projects. The successful execution of these projects is therefore 
crucial for many organisations and continuous to become even more crucial as organisations 
that have developed systems to manage projects successfully tend to be in a position to 
sustain themselves into the future and have a competitive advantage over their competitors. 
This research investigated the current systems, models, ideologies and tools currently utilised 
and documented specifically for small projects. Small projects are often seen as non-critical 
mainly because of the end of job budget allocated to the project and the impact each project 
has to the organisation. However small projects as a collective for most organisations utilise a 
substantial budget and have the potential to impact the profitability or sustainability of an 
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organisation in the very long term. The research has defined the different project life cycles 
model and their associated project phases, specifically those that have been adopted by other 
researchers and project managers in industry. The project phase deliverables were also 
extensively researched in order to understand and define the activities required from the 
various resources in order to complete the project. The resources or stakeholders involved in 
the project at different project phases were defined based on literature, industry research and 
case studies. The focus was mainly on defining the resources and understanding the level of 
effort required from the different resources at the different phases of the project life cycle. The 
concept of level of effort was not extensively documented in literature as most of the literature 
evaluated only provided a high level definition of the concept. The graphs and models 
provided in literature did not provide sufficient detail but rather an indication of how dynamic 
this measure is during project execution. During the research process this concept of level of 
effort was defined for various resources and a guideline provide by the the International 
Community of Project Managers. It was clear the reason why this concept has not been 
documented or investigated extensively in industry or literature was mainly because many 
organisations and scholars prefer or focus on defining resources more quantitatively rather 
than qualitatively. The tools and methods recommended for quantitative resource planning in 
projects is a matter that well understood and preferred in industry. In order to obtain data from 
industry regarding the hypothesis, questionnaires were circulated to a pool of one hundred 
and twenty (120) participants within the Petro-Chemical industry and processed, analysed and 
presented into mathematical graphs that were compared against the research hypothesis. The 
focus of this qualitative research was primarily to qualitatively define the hypothesis that states 
that the level of effort for critical project resources varies significantly depending on the phases 
of the project life cycle for small projects as defined earlier in the research. The hypothesis 
was defined or illustrated by means of mathematical qualitative graphs that were tested 
against the research data and literature. The opposing or conflicting literature that was 
evaluated was also discussed and areas of future investigation will be highlighted for scholars 
to test and research at a later stage, in this section. The contribution of the research project is 
a qualitative model that defines the level of effort for resources at different project life cycle 
phases based on the deliverables required per phase which can later be utilised in industry for 
effective and efficient resource management on small projects, as given in Figure 42. The 
model alone as provided in Figure 42 on the next page is not sufficient as a conclusion but the 
manner or guideline in the utilisation of the tool in practice as seen with the pump graphs 
illustrated earlier in Chapter four. The model is intended to be utilised for small projects within 
the petro-chemical industry as defined earlier in the project and on the next page a summary 
of the definition: ? Projects with no more than a medium complexity interpretation. ? Projects 
with a project schedule not longer than thirty six (36) months. ? Projects with a budget less 
than fifty million rands. Level of Effort for Project Resources 60% 50% Level of Effort (%) 40% 
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30% 20% Technical Project Management Sponsor Business 10% 0% Concept Planning 
Execution Delivery Technical Resource Deliverables Feasibility Study & Concept Design 
Report Basic Design Report Detailed Design and Pre- Commissioning Report Compile and 
Review End of Job Documentation Sponsor Resources Deliverables Evaluate the Need for the 
project and provide funding Ensure Provide Funding Review final Governance and and hold 
Project documentation review scope and Manager and approve for schedule Accountable 
commissioning Business Develop business Resources case and inform Deliverables business 
of projects Provide operational requirements in the design. Develop Operating Procedures 
Commission and Operate the New system. Project Management Deliverables Develop project 
resources requirements and Plan Develop the project Diamond (Cost, Schedule and Scope) 
Reporting on and managing the project diamond Provide final documentation and close the 
project Figure 42: Level of Effort qualitative graph with key deliverables per resource Page 95 
Once a project is assumed to be within the margins of a small project the model can be 
utilised to develop a conceptual effort level resource plan as noted below in Table 14 Table 
14: Resource Plan Based on Level of Effort as per Qualitative Model Project Level of Effort 
Phase Project Management Resources Technical Resources Business Resources Sponsor 
Resources Concept 20% 50% 15% 15% Planning 35% 45% 10% 10% Execution 45% 30% 
15% 10% Delivery 35% 30% 25% 10% The detailed model given in Appendix Twelve will 
provides detail into the key deliverables per resource per phase for example the following are 
defined as the key deliverables for the project management resources for the concept phase: 
? Develop level 1 project schedule. ? Develop a Potential Deviation Analysis. ? Develop a 
resource plan. ? Ensure all the governance documentation is completed as per schedule. ? 
Manage interfaces between different disciplines. Therefore twenty percent of the effort require 
from the resources at concept phase will be focused on project management deliverables as 
given in the list above, or defined in another way, twenty percent effort is required from the 
project management resource to ensure completion of the deliverables given above. In 
concluding the research project report it is important to confirm that the research questions 
and objectives were addressed as highlighted at the definition of the research project. The 
research objectives and questions as seen earlier in chapter one and two are related. The 
qualitative model given in figure 42 and in detail in Appendix twelve address the first and the 
third research questions which focused on how to present the changes in the level of effort for 
different resources at different phases of a project. The model and the values associated with 
the Page 96 level of effort per resource answers these questions and third objective defined 
for the research project. The second question of the research project primary questioned 
validity and alignment in terms of current literature and research data obtained specifically on 
the level of effort, project phases, project deliverables and project resources. As discussed 
earlier in chapter four, a detailed summary of the areas of alignment and misalignment were 
indicated and it was clear that there is much alignment or similarity both in literature and the 
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research site on the areas investigated during the research process. The first two objectives of 
the research were mainly around the definition and review of a hypothesis which would be 
evaluated against the literature and research data that was obtained for the research site. 
Chapter three and four provide extensive detail on the hypothesis defined, the null hypothesis 
and the evaluation of the hypothesis against research feedback from questionnaire, literature 
reviewed and the participant observation. The areas of alignment between the hypothesis and 
the research data we significant with very minimal concern in terms of the detail in the original 
hypothesis that was presented with the research project. The research project as defined in 
this thesis report has addressed the areas of investigation as initially planned. The research 
has yielded good results and a qualitative model that has the potential to contribute positively 
to literature and industry. The thesis will therefore be submitted to the University of Kwa-Zulu 
Natal as part of the requirements of the Masters in Leadership Studies by no later than the 
30th of June 2015. 5.3 Contribution of this Research The research project can contribute to 
the literature data base for future scholars and provide a tool to industry for the front end 
loading on projects. Previous research conducted regarding the concept of level of effort was 
very limited and this research project will add to the body of knowledge. Research conducted 
previously provided a qualitative graph for the level of effort as given in Chapter Two but the 
graph provided no indication in terms of magnitude, the graph merely provided a schematic 
interpretation of a dynamic curve that changes with the project phases based on the resources 
required at different phases, referred to by other scholars as level of involvement. This 
research project has given more detail in quantifying the variance in level of effort for different 
resources across the project life cycle. This research project therefore has contributed a set of 
qualitative mathematical graphs for small sized projects within the Petro-chemical industry in 
South Africa, which will assist in defining a dynamic project team, which will increase or 
decrease in size for different phases of the project life cycle. Section 2.9 of the thesis also 
provides a guideline that a project manager or engineer can utilise in testing these graphs or 
developing a level of effort for different resources required in projects. Such a qualitative tool 
can assist organisations, engineering and project management firms the opportunity to 
effectively utilise the resource pool available to the company on various projects, and it can 
further be utilised as an optimisation tool for skills required at different phases of the project 
life cycle on multiple projects. 5.4 Recommendations After the extensive qualitative research 
that was conducted in order to provide the research report required for the partial fulfillment of 
the requirements for the degree of Master of Commerce in Leadership Studies; this section of 
the thesis provides the recommendations from the researcher’s perspective. The qualitative 
model that has been developed and detailed in Appendix Twelve can be utilized by engineers 
or project managers managing small projects within the petro-chemical industry at conceptual 
phase of a project. The model can be used at conceptual phase for projects to assist with 
defining or understanding the following better: ? Budget estimate for resources required on 
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projects. ? Resource planning across multiple projects. ? Highlighting concerns on resources 
overloaded. ? Project scheduling or planning synchronized to resource availability. ? Defining 
key deliverables. The model should however be utilized with a safety margin or correction 
factor as the model is qualitative, proposal is to utilize a correction factors as defined in the 
Table 15 when defining the level of effort per resource. Table 15: Recommended Correction 
factor per Project Phase Project Phase Correction factor Concept 2.5% Planning 5% 
Execution 5% Closure 2.5% The research project was very specific in defining the model as a 
model to be utilized within the petro-chemical industry on small projects. However the model 
can be utilized in other industries with caution but would recommend the model be developed 
further to include medium and large scale projects. The next section of the thesis will provide 
more detail into future studies recommended specifically after completion of this research 
project that other scholars can consider for a thesis. 5.5 Recommendation for Future Studies 
The research project was conducted as a qualitative research project specifically focused on 
small projects within the petro-chemical industry. After developing the qualitative model for the 
level of effort for key resources at different phases of the project life cycle, the following list of 
recommendations should be considered for future studies: ? Develop the model produced 
from this research project further by undertaking a quantitative research method. ? Develop 
the model further to include projects in other industries and for medium and large scale 
projects. ? Evaluate the concept of critical resources in project management further to 
understand further the types of resources that can be defined as critical. ? Explore the 
conflicting ideology that states project life cycle models should be dynamic and specific to a 
project rather than defined as per current focus of the four, six and eight phase project life 
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